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PRELIMINARY. 
THE INSTITUTION OF PETROLEUM TECHNOLOGISTS 


NOTICES. 


The Institution as a body is not responsible for the statements of 
opinion expressed in any of its publications. 
Authors of papers and articles are requested to transfer 
Copyright. their copyright to the Institution for a period of six months 
from the date of receipt of the paper. Such transfer should 
Editors are permitted to publish abstracts, providing that acknowledgment 
is made to The Institution of Petroleum Technologists. 


Issue of The Journal is issued in twelve parts per volume, com- 
of each year. The Title Page, Table 


Members whose subscription is not in arrear receive the Journal free of 
cost, and additional copies are charged at the rate of 7s. 6d. per part, unless 
otherwise stated. A member whose subscription is not paid by March 31st 
of the year for which it is due is considered to be in arrear. 

Members are requested to notify any change of address 
Address. to the Secretary. 


Papers and Members are invited to submit papers to be read at the 
Articles. General Meetings of the Institution, and are specially 


hot hi jucti 
for reading or tor publication, will be submitted to « releree nominated by 
the Publication Committee 
and orders for these should be sent to the Secretary when the manuscript 
is forwarded to the Editor. The free reprints do not include any discussion 
which may be published with the paper, but authors may have such dis- 
cussion included in their reprints on payment of the additional cost. 
Galley proofs of the paper to be read at 


this supplement ghee 
tions. Members desiring to have the Abstracts printed 


_ and 
214 
the second issue of the succeeding volume. 
2 
a Members desiring to have their Journals bound in cases 
Binding of should send them, together with a remittance of 5s. 6d. 
Journals. volume, to Messrs. Spoaight & Sons, Ltd., 98, Fetter 
Tene, London, E.C. 4. A charge of 7s. 6d. will be made 
for binding Vol. 10, 1924. Remittance in all cases mtst accompany the 
order. 
Abstracts of the more important articles and patent 
Abstracts. ifications are published with each issue of the Journal, 
transac- 
side of the 
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paper only can be supplied with uncorrected galley proofs at a charge 
10s. per annum per copy, payable in advance. 


The Benevolent Fund is intended to aid necessitous persons 
who are or have been members of the Institution, and 
Fund. their dependent relatives. 
The Fund is raised by voluntary annual 
donations, and bequests, and all contributions should be sent to the 
of the Institution at Aldine House, Bedford Street, London, W.C.2. The 
Fund is administered by the Council through the Benevolent Fund Committee, 
and all applications in connection therewith must be made on a special form 
which can be obtained from the Secretary of the Institution. 


A register of members requiring appointments is kept 
Appointments at the office of the Institution for the convenience of firms 
Register. requiring the services of petroleum technologists, etc., it 
being understood that the Institution accepte no responai- 

bility and gives no guarantee. 


The Institution’s Library may be consulted between the 


Library. hours of 11 a.m. and 4 p.m. daily. (Saturdays, 11 a.m. 
to 12 noon.) 
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m 
The Redwood Medal is awarded, at the discretion of ¢ 
Medals. Council, to the person who shall have made the maf . 
meritorious contribution to petroleum technology, in th 
form of a paper or papers published in the Journal of the Institution, during 
two successive sessions, preference being given to original work and »%Myembe 
papers which have been read before the Institution and discussed. Th ry 
: award is not confined to members of the Institution and may be withhed 
; if no contribution is considered to be of sufficient merit. Baree 
A medal and a prize of five guineas is awarded annually by the Cound Hy, Ca 
to that Student Member of the Institution who shall, in their opinion, hav 
presented the best paper during the session. ALF. 
The sum of £300 is allocated in each calendar year to. —'*™ 
Research Fellowship for Research in technical and scientific problem §& w, J. 
Fellowship. which have a direct bearing on the Petroleum Industry, 
Additional grants, to a limit of £50 per annum, may als 
be made towards expenses. Harv 
The Fellowship is tenable for one year at an institution or in works approved & Natt 
by the Council, and may be renewed for a second year at the discretion 
of the Council. 
| Applicants, other than members of the Institution, must be of Britis § P! 
nationality and must hold an Honours Degree in Science or an approved 
equivalent. 
Applicants for the Fellowship must be in the hands of the Secretary of the 
Institution not later than June Ist of each year, and the necessary form, 
together with full particulars, can be obtained from him at Aldine House, 
Bedford Street, London, W.C. 2. 
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Advertisements are inserted in the Journal, and informa- 
tion as to terms, etec., can be obtained from Mr. Thomas 
Tofte, 301-302, Bank Chambers, 329, High Holborn, W.C. 1. 
(Telephone No. Hol. 4776.) 


LIST OF ADVERTISERS. 
i making enquiries or placing orders with advertisers 
to mention that they have seen their announcement in the Journal. 


Om Co., Lrp. 
Joun G. Stem & Co., Lrp. 
Srewarts anp Lioyps, Lrp. 
Sutiivan Macutwery Co. (Inc.). 
Tue Trvrometer, Lrp. 

Townson & Mercer, Lrp. 
Universat Om Propucts Co. 


PERSONAL NOTES OF MEMBERS AND SPECIAL 
NOTICES. 

It is suggested that members send information regarding their 

movements to the Secretary, for insertion under this heading. 

Dr. G. pe P. Corrgr has returned to India. 

Mr. W. G. B. Courts has left Java, having been on leave in 


. D. Porter has left Rumania and is in Holland. 
. SaTcHELL is home from Venezuela. 
. Toons is in Holland. 
. G. Watkins is in Malta. 
. Witson has left Ecuador and is in Venezuela. 


The Secretary would be glad to hear of the whereabouts of the 
following members :—C. A. Baupuin, A. E. O. Cooks, J. M. 
8S. E. Fox, W. J. Harris, L. B. Horzoway, C. E. 
Jostine, W. R. Macponap, Major E. T. Newron-Crarz, A. F. C. 
Parker, Nanp Lat Past, W. E. E. V. Swamy, R. K. 
Van Sicxiz, F. E. G. Watson and A. O. Wxstwoop. 


® charge 
Advertise- 
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the mo 
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parmp & Tatiock (Lonpown), Lrp. 
Cound Bw, Cunistm & Gary, Lrp. 
tion, hav 

Crare & Co., Lap. 
year to, Lrv. 
Problem J. Fraser & Co., Lrp. 
Industry, 
may als Haprieips Lap. 

& Co., Lrp. 
— NationaL Suprty CoRrorarTion. 

D. Jarprnge is home from Burma. 
S. Prere has returned to Burma. 


Institution. This Club holds informal dinners after each General 
Meeting of the Institution and members may invite guests. Those 
desiring to receive notice of these dinners are requested to inform 
the Secretary of the Institution. 


NOMINATIONS FOR MEMBERSHIP OF THE 
INSTITUTION OF PETROLEUM TECHNOLOGISTS. 


The following have been nominated for membership of the 
Institution of Petroleum Technologists and their Application 
Forms may be seen at the Offices of the Institution :— 


Proposep By Seconpep By 


. A.J. Ruthven Murray. C. Erik Capito. 


ist, c/o Shell- Mex, 
Stanford-le-Hope, Essex .. J. Kewley. W. W. Goulston. 


JOYCE, Percy 
Chemist, No. 58, Yama- 
shita-cho, Nakaku, (P.O. 
Box 401), Yokohama .. J. Kewley. 
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, During his speech at the Twelfth Annual Dinner, Dr. A. E. Dunsty 
referred to “‘the 33,000 volumes now in the possession of the chemicg As. 
: societies " (Jnl. No. 85, page 750). This was intended to refer to the Library 
; of the Chemical Society, which now contains over 34,500 volumes. = 

R 
T 
Visitors to the British Industries Fair will be interested in the exhibiy sTA 
of the Anglo-American Oil Co. A complete range of the Company's products M 
will be shown, together with models of the refinery at Fawley, Hants, an A 
: the depot at Vauxhall, London. M 
As’ 
( 
The Lincoln Electric Co. announce their Second Arc Welding Prix — 
Competition, which is intended to increase the knowledge of the adaptability R 
of arc welding to industry. Papers submitted must come under one of two 8 
headings: (a) A description of machinery, structure, or building redesigned 
to use arc welding in whole or in part; or (6) a description of machinery, As 
structure or building specially designed to use arc welding in whole or i RIC 
part. Prizes ranging from $7,500 to $100 are offered, and full particulan F 
ean be obtained from the Company, P.O. Box 683, Cleveland, Ohio, U.S.A. A 
DINNER CLUB, RA 
The attention of members is drawn to the Dinner Club of the 
As Members :— ee 
CHADWICK, Albert, Engin- 
eer, c/o Kern Trinidad Oil- 
fields, Ltd., San Fernando, 
Trinidad, 


As Transference to Member :— 

THOMAS, Wilfred Henry, 
Chemist, 28, Firstway, 
Raynes Park, London, 
8.W.20 


As Associate Member :— 
RICHMOND, 


Fullerton, Chemist, 238, 
Anlaby Road, Hull, Yorks 


As Transference to Associate 
embers 


RAMPTON, Harry Cecil, 
Chemist, 2, Station Path, 


Staines, Middlesex 


REID, Alexander, Chemist, 
c/o Burmah Oil Co., Ltd., 


Chemist, c/o Anglo-Persian 
Oil Co., Ltd., “‘ Meadhurst,” 
Sunbury-on-Thames 


As Students :— 

BROOM, William Edwin 
John, Chemist, 424, Ful- 
ham Road, London, 8.W. 6. 

CESSFORD, George, Chemist, 
c/o Anglo-Persian Oil Co., 
Ltd., Meadhurst,” Sun- 
bury-on- — Middle- 

| Colin, 
Engineer, 71, King’s Road, 
Westcliffe-on-Sea, Essex .. 

VERITY, Philip Sinclair, 
Chemist, c/o Anglo-Persian 
Oil Co., Ltd., “* Meadhurst,” 
Sunbury - on - Thames, 
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OBITUARY. 
HUBERT MAY. 


We deeply regret to record the death of Mr. Hubert May, which 
took place in London on January 16th, 1931, after a long illness. 

Mr. May was born at Brockley, S.E., in 1876, and was trained as 
an Engineer with Messrs. John Penn and Sons, Greenwich. 

His first experience in drilling was gained in the exploration for 
coal in Kent. Soon he turned his attention to oil, and in 1901 he 
went out to Baku on the staff of Nobel Bros., where he quickly 
specialised in drilling methods and gained a foundation of practical 
experience which was to stand him in such good stead in later years. 

Returning to England in 1905 he was for a short time with Messrs. 
Duke and Ockenden, Ltd., and in 1908 joined the firm of Messrs. 
Thompson and Hunter, Consulting Engineers, later becoming a 
partner in Messrs. A. Beeby, Thompson and Partners. 

Mr. May was thus one of the pioneers of British Petroleum 
Technology, and few could give better or sounder advice on drilling 
and drilling problems. Apart from his oilfield work he had during 
recent years been closely associated with Government water schemes 
in British Guiana, Egypt, Sudan, East Africa and Cyprus. He 


also served on Technical Committees of the British Engineering 
Standards Association. 

Hubert May had a charming and attractive personality and his 
loss will be mourned, not only by a wide circle of friends in this 
country, but by all those with whom he came in contact during his 
many professional visits abroad. He leaves a widow and one son. 


UNIVERSITY OF MICHIGAN. 

The programme of Courses in Chemical Engineering during 
1931 at the University of Michigan contains particulars of courses 
of direct interest to petroleum technologists, such as : Fuels and 
Furnaces ; Chemical Technology of the Organic Industries ; Unit 


Operations ; Thermodynamics ; Fluid Flow, Heat Flow, Evapora-. 


tion and Filtration; Drying, Distillation, Extraction and Gas 
Absorption ; Furnace Design and Construction; Pyrometry and 
Furnace Control ; Design of Chemical Plants ; Design of Chemical 
Machinery ; Petroleum Refinery Engineering; Petroleum and 
Motor Fuels; Distillation. 

Copies of the Bulletin containing full particulars of these courses 
can be obtained on application to the Chemical Engineering Depart- 
ment, University of Michigan, Ann Arbor, Michigan, U.S.A. 


Methods of Increasing the Yield from Oil-Sands, with 
Special Reference to Repressuring.* 


By L. C. Srevens, B.Sc. (Student). 


One of the most important problems confronting the petroleum 
production engineer is that of obtaining a much greater recovery 
of oil from any given oil bearing stratum. It is estimated that 
the yield from the average oil-sand is only 20 to 40 per cent. of the 
total oil present. 

The methods that have been tried in recent years to increase 
this percentage yield are :— 

1. Vacuum Pumping.—This is an attempt to suck more oil 
from the sand by operating the field under a vacuum, maintained 
on the wells by pumps. The system is inherently bad and is now 

ically abandoned, because it had the effect of drawing off 
the lighter fractions and leaving the residual oil in a very viscous 
state, in which condition it cannot be economically recovered. 

It certainly increased the natural-gas gasoline content and 
possibly gave a temporary increased production ; but the ultimate 
yield by this method was not increased. Other disadvantages 
are the mechanical difficulty of maintaining an efficient vacuum 
and the increased tendency of edge water to be drawn to producing 
wells. 

2. Water Drive —This method has, up to the present, been tried 
with success in one field only, namely, the Bradford field, Penn., 
U.S.A., and consists in pumping water into the sand at selected 
spots with the object of forcing the oil to neighbouring producing 
wells. 

The water tends to force the oil out of the capillary pores as well 
as to drive it through the major interstices of the sand. This effect 
has been increased in some cases by the use of dilute aqueous 
solutions, such as of sodium carbonate and silicate, which reduce 
the surface tension of the water. The method is sound in principle, 
but has not found favour in practice owing to the risk of entirely 
ruining the field by water flooding; it might be tried in fields 
where repressuring by air or gas has failed and are due for abandon- 
ment. 


* This paper was awarded the Student’s Medal and Prize for the 1929-1930 
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Mining the oil-sand has been used in Germany as a recovery 
method, but as the technique involved is of an entirely different 
nature it will not be discussed here. 


3. Repressuring with Air or Gas.—This is the main subject of 
this paper, but before dealing with the practical side of the method 
a consideration of the conditions in an oil-sand, as far as they are 
known, will be of assistance. 


STEVENS.—INCREASING THE YIELD FROM OIL SANDS. 


ConDITIONS IN AN Ort-Sanp. 
Oil usually occurs in an anticlinal type of structure, in conjunction 
with natural gas and water. The gas is situated above the oil and 
in solution in the oil; the water, called edge water, occurs below 
the oil, the segregation being due to gravity. 
These conditions are illustrated in Fig. 1. 


The oil is confined to definite beds by impervious strata above 
and below. The oil-bearing strata are usually sand, sandstone 
or limestone, and the “ cap rock ” shale or clay. 

The oil in such a structure is under pressure due to one or both 
of the following: (1) gas pressure ; (2) hydrostatic pressure. 

Gas Pressure.—Gas dissolves in oil in accordance with Henry's 
Law, which states that the volume of gas dissolved in unit volume 
of oil is directly proportional to the pressure, temperature being 
constant. 

This is illustrated by the straight lines in Fig. 2, which shows 
the relation between pressure and volume dissolved for various 

and various crude oils. 

From Fig. 2 it will be seen that at any given pressure the quantity 
of gas dissolved depends on the character of the gas and also of 
the oil. A wet gas (curve 1) is more soluble than a dry gas (curve 2) 
in the same oil. A lighter oil will dissolve more gas than a heavier 
oil as shown by curves, 1 and 3 or 2, 7 and 8. 
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Fic. 2. 
ARIOUS GASES IN CRUDE OIL UNDER PRESSURE AT 70° ¥. 
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PRESSURE. 
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Carbon dioxide (curve 4) is extremely soluble, hydrogen (5) 
and air (6) are not very soluble. 

The question of solubility is important when considering the 
choice of a repressuring medium, discussed later. 

Effects of Gas in Solution will be discussed under the following 
heads: (1) Effect on viscosity; (2) effect on surface tension ; 
(3) propulsive action in oil-sand; (4) lifting action in well. 

(1) Gases in solution reduce the viscosity or increase the fluidity 
of an oil. Fig. 3 shows the percentage decrease in viscosity plotted 
against pressure for the same gases and the same Oklahoma 
crudes of Fig. 2. 

It will be noticed that the wet gas (curve 1) has a greater effect 
than the dry gas (curve 2), and also that the higher the initial 
viscosity of the oil the greater the percentage reduction in viscosity 
(compare curves 2 and 3 or 1 and 4). 
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| 
| | 


Gos Dissolved per Bhi of cu. 

Fie. 4. 

RELATION BETWEEN SURFACE TENSION OF CRUDE OIL AND VOLUME OF 
NATURAL GAS DISSOLVED UNDER PRESSURE AT 70° F. 


Curve 1. Okiahoma crude oil, 35-4° A.P.I. 
Curve 2. Oklahoma crude oil, 30-2° A.P.1. 
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Surface Tension dynes per um 


Experiments with air did not give consistent results ; in some 
cases the viscosity was reduced slightly and in others increased 
slightly, depending largely on the nature of the crude and its 
tendency to oxidation. 

Viscosity is the most important physical characteristic of an oil 
that affects its rate of flow through a pipe-line or through the 
interstices of an oil-sand. The quantity that will flow through 
such openings is inversely proportional to the viscosity, other 
conditions being equal. When we realise that at 1800 lb. pressure 
a gas saturated crude will have a viscosity about the same as 
kerosine, the effect of this factor can be estimated. 


(2) The second effect of the gas is to reduce the surface tension 
and thus allow the oil to leave the capillary pores of the sand more 
readily. Fig. 4 shows this decrease plotted against gas dissolved 
per barrel. 
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At 70 cu. ft. per barrel, which corresponds to a pressure of 500 Ib., 
there is a decrease of 20 per cent. in the surface tension of the crudes, 
the effect being about the same for both. 

(3) Before a reservoir is penetrated, the pressure is uniform 
throughout, but on drilling a well into such a structure, a point 
of low pressure is produced and a differential pressuré is set up 
between the bottom of the well and points in the reservoir surround- 
ing it, forcing the oil towards the well. As the oil travels towards 
the well, dropping in pressure, the gas it contains will come out 
of solution, assuming the oil is saturated at reservoir pressure, 
and will expand, further assisting in propelling the oil towards 
the well. 

The forces resisting the motion of the oil are—(a) capillarity 
(b) friction of oil (c) frictional resistance of gas bubbles known as 
the Jamin effect. 

Capillary attraction tends to hold the oil in the small pores of the 
sand and is related to surface tension; the lower the surface 
tension the lower the capillary attraction. The friction of the oil 
in flowing varies, as stated, with the viscosity. 

The Jamin Effect was discovered by a French scientist of that 
name, who found that small bubbles of free gas, interspersed 
between liquid in the capillary pores of plants, produced a very 
appreciable resistance to motion. This action has been attributed 
to the case of oil and gas moving through the capillary pores of an 
oil-sand by S. C. Herold. 

It is explained in the case of oil-sands thus : the pressure decreases 
as the oil travels towards the well, consequently gas comes out of 
solution in minute bubbles, intermingled with the oil. These 
bubbles, when entering capillary pores smaller than themselves, are 
deformed in shape. Before deformation they would be spherical 
and thus have a minimum surface energy, after deformation they 
must of necessity have an increased surface energy, that is, work 
is done in deforming them, thus producing a resistance to motion. 
It is true that on leaving the capillary pore and regaining their 
spherical shape, they perform work ; but this work is less than that 
done originally owing to the formation of heat in the process. 

The bigger the reduction in pressure from the prevailing rock 
pressure, the bigger the bubbles become and the greater the 
resistance. When the rock pressure has fallen below a certain 
limit, this resistance will stop the flow of oil and hold it in the sand, 
since the bubbles have the power of exerting a static resistance. 

In this hypothesis Herold presupposes an oil-sand composed 
entirely of capillary pores, but a large proportion of the oil is 
contained in, and flows along, major spaces in the oil-sand, in which 
the Jamin action can have no effect. 
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Thus, though it is highly probable that the Jamin action is 
operative in oil-sands, the magnitude of its importance is a much 
disputed point. The effect is reduced when we have a hydrostatic 
head forcing the oil to the wells or when the reservoir pressure is 
maintained or increased by repressuring. 

These resisting forces, capillarity, viscosity and gas bubble 
resistance are all reduced by keeping the gas in solution in the oil. 
To keep the gas in solution, the pressure gradient from the general 
reservoir pressure to the bottom of the well should be a minimum, 
as far as is consistent with an economic influx to the bottom of 
the well. 

Further, it has been shown by experiment, and also follows from 
the previous remarks on viscosity and surface tension, that higher 
reservoir pressures promote a greater flow of oil with the same 
differential, or that, with higher pressures, the same amount of oil 
can be extracted with a smaller differential. 

These objects are attained by (1) careful regulation of back 
pressure at the producing wells, and (2) restoration or maintenance 
of reservoir pressure by repressuring. 

4. Finally the gas associated with the oil produces a natural gas 
lift in the well. The drop in pressure between the top and bottom 
of the well allows the gas to expand as it rises, which helps to lift 
the oil and also to reduce the specific gravity of the oil column. 
In fact in a new field or new well there is usually sufficient energy to 
produce a gusher. In such cases the lifting effect of the gas is 
excessive and not only oil but energy is wasted. The well should be 
brought under control as soon as possible, so that sufficient pressure 
differential is allowed in the well to lift the oil at an economic rate. 

Bearing in mind the above factors, the importance of conserving 
the natural energy of a field will be realised. It must not be wasted 
by allowing wells drilled into a gas zone at the top of the structure 
to blow off gas in the hope that they will eventually produce oil ; 
the casing should not be set in or above the gas sand but carried 
down to the top of the oil zone, thus preventing gas from passing 
direct to the well without oil. If the casing head is sealed off and 
deep flow tubing used the same effect will be obtained as explained 
later. 


The Efficiency of Control is indicated by the gas-oil ratio at the 
well head. It is usually stated in cub. ft. per barrel of oil, the gas 
being measured at atmospheric pressure and temperature. If it 
is too high the gas energy is soon exhausted and a large quantity of 
“ dead ” oil left in the sand. 

If the gas-oil ratio at the well head is ten times the natural gas-oil 
ratio in the oil-sand, then for every barrel of oil produced, nine 
barrels are left relatively dead in the sand. 
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The gas-oil ratio can be regulated by the back pressure exerted 
against the producing sand at the bottom of the well. The means 
of regulation and the most suitable pressure must be found by trial 
as explained at the end of this paper. 

Fig. 5 shows the production curve of a well that has been pressure- 
controlled throughout its life. The decline curve is relatively flat 
compared to the dotted line which is the normal decline curve of the 
field. 


Repressuring.—Even with careful pressure control there comes a 
time in the life of a field when the reservoir pressure has fallen too 
low for economic production by gas-lift or pumping, though there 
may still be large quantities of oil available. To recover this oil the 
process known as “‘ repressuring ” has been resorted to. 


NATURAL Gas FACTOR 

Far 


Gas 


o8 8888 


May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July 
Fis. 5. 


HISTORY OF A WILCOX SAND WELL IN NORTHERN OKLAHOMA, PRESSURE 
CONTROLLED FROM COMPLETION. 


In this process air or gas is pumped back into the sand at a number 
of chosen wells, with the object of restoring to a certain degree the 
reservoir pressure and of reviving the dead oil and driving it to the 
producing wells ; in other words a partial restoration of the original 
conditions in the sand is aimed at. 

The wells cannot, as a rule, be made to flow again but the oil moves 
more readily and in greater quantity to the producing wells which 
may be operated by pumps or gas lift. 

Fig. 6 shows the increase in production of a typical offset well, 
with the injection pressure and volumes on the pressure well. 

Repressuring was first applied by Smith and Dunn in Marietta, 
Ohio, in 1916, and is often referred to as the “ Smith-Dunn ” or 
“ Marietta” process. The advantages of the process, if successful, 
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: (1) Increase in production, both daily and ultimate ; (2) Pro. = The 
oa life of field; (3) Cost of pumping or gas lift reduced; 
(4) Edge water encroachment retarded ; (5) Use found for surplus 
natural gas. 

In most cases up to the present it has been applied to fields where 


the reservoir pressure is practically exhausted. Rul 
If however instead of allowing all the natural energy in the field Hin a 1 
to become exhausted, gas is returned to the sand during the period J gener: 
of flush production, a very slow rate of decline of reservoir pressure J of the 
can be maintained and an even greater recovery obtained. = 
130 
| 
3 WW 
| or 
a 
| 
1 
and 
EFFECTS OF INJECTION ON OIL PRODUCTION. met 
The possibilities of this are illustrated in Fig. 7 but will be fj 
discussed more fully later. 1 
Hydrostatic Pressure is the other factor influencing the reservoir the 
pressure. It depends on whether the reservoir is of the open or pra 
closed type, that is whether the strata is in communication with unc 
the surface at some point, or whether it is cut off by faults or is Suc 


of a lenticular nature, without permeable communication with the 
surface. 

In the open type of reservoir there will be a hydrostatic head 
due to the water in the strata. This head may be maintained 
constant by the water entering from the surface, or it may diminish 
at a rate dependent upon its rate of replenishment and upon the 
resistance offered to its flow into the space vacated by the oil and 


gas. 
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There is thus a balance between the pressure of the gas above 
the oil, assuming that all the gas is not in solution, ay ae 
static pressure of the water. In other words, the gas 
not sufficient to keep the water out, but holds it back, and the 
influx of water tends to build up the gas pressure. 

Rules have been evolved for calculating the probable pressure 
in a reservoir of this type by taking the head of water from the 
general ground level or, more accurately, the level of the outcrop 
of the particular stratum, to the depth of the oil-sand in the wells 


Production 


“12 8 5 6 2 8 WY 13 4 15 16 
Years. 
Fie. 7. 
EFFECT OF REPRESSURING AT DIFFERENT STAGES. 


and multiplying by the weight per cubic foot of the water. This 
method gives a rough guide, but does not allow for friction losses 
in the sand or variations in the specific gravity of the water due to 
salinity. 

This type of reservoir is particularly common in Mexico, where 
the pressure produces a natural water drive sufficient to force 
practically all the oil out of the sand ; the oil is really produced 
under artesian conditions modified to some extent by gas pressure. 
Such a reservoir is said to be in “‘ Hydraulic Control.” 

The ultimate recovery from this type of reservoir is very high 
comparatively and repressuring is entirely unnecessary. The aim 
of the production engineer should be to maintain‘a gradual and 
uniform encroachment of edge water all over the structure; to 
avoid trapping off of pockets of oil the producing wells should be 
subjected to proper pressure control. 

A closed reservoir may be in “ Capillary Control ” or “ Volumetric 
Control.” If the reservoir pressure is solely due to gas pressure 
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and edge water drive is inappreciable, it is said to be in “ Capillary 
Control” and production is largely limited by the Jamin action 
In this case repressuring is particularly successful. In “ Volumetrie 
Control ” the reservoir is under the influence of a hydrostatic head, 
which is not replenished from the surface and consequently 
diminishes as production proceeds. The conditions are at first a 

for Hydraulic Control, later coming under Capillary Contral 
Repressuring is of advantage in the latter stage. 


REPRESSURING OF EXHAUSTED FIELDs. 


The chief points of a repressuring programme for a field, in which 
the natural gas energy is practically exhausted, will now hk 
considered. No definite rules can be laid down, because each field 
has different characteristics and needs individual treatment. 


Location of Pressure Wells.—The first consideration is its relation 
to other producing wells on the property; that well having the 
largest number of relatively near, but equidistant producing welk 
should be chosen, other things being equal. Other factors that 
should be taken into account are :— 

(1) Structural position: when situated down the structure 
just above the edge water line, the gas will tend to move up structure 

ing the oil to the wells above it and at the same time will 
hold back edge water. If the gas enters near the top of the 
structure in the gas zone it will produce a pressure head on the oil, 
but does not come into contact with it and thus does not lower the 
viscosity or help it to flow. There is more likelihood of the gas 
escaping without doing work, more gas is needed and it tole much 
longer to give results. 

(2) Sand conditions at the bottom of the well : AE te or shaly 
sand, or wells having shale cavings from overlying strata, will not 


take the gas readily. Wells having a maximum sand thickness § ule 
should be chosen as they give greater area for introduction of gas. S 
The tendency is to use open sand wells for pressure wells and tight §& for | 
sand wells for producers as far as possible, because the former give §& first 
3and troubles and gas wastage when producing and the latter § but 
require too high a pressure and cause larger friction losses as it is 
pressure wells. take 

In deciding this point a reliable geological record of the well is § san 
desirable, and if this does not exist its behaviour as a pressure well I 
is doubtful. sug: 

(3) Water conditions: a well producing edge water should not e 


be used, since the tendency will be to force this further up the 
structure. 
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(4) Mechanical condition : a well in poor repair or which cannot 
» cleaned out because of collapsed pipe or lost pump rods is 


(5) Initial production and rate of decline : a low initial or daily 
production, if the well was drilled before the general decline of 
reservoir pressure, indicates as a rule tight sand conditions. Wells 
hat produced large quantities of sand in their early stages indicate 
loose sand, and will be satisfactory provided shale from above has 
not caved into the space left by the sand. Wells with good initial 
production, but whose fluid levels are now too low to operate 
efficiently on the pump, make ideal pressure wells. 


TRIAL REPRESSURING COMPRESSOR HOOKED TO A WELL TO DETERMINE THE 
WORKING PRESSURE ; CAN BE MOVED ABOUT AND GIVES THE OPERATOR AN 
IDEA OF WELL CONDITIONS. 


(6) Line wells that are offset by another company are ruled out 
unless there is co-operation with the offset owner. 

Some operators use old wells that are falling off in production 
for pressure wells, while others use wells specially drilled. The 
first method is the most economical, and therefore usually adopted, 
but if the sand conditions are unknown or the well logs are lost 
it is better to drill a fresh well in a carefully selected location and 
take cores as the oil-sand is approached to obtain information about 
sand porosity, thickness and saturation. 

In this connection an application for the diamond drill might be 
suggested since, as for a pressure well a 3-in. string of tubing in the 
hole is the most that is required, a diamond drill hole would be of 
sufficient size and would be quicker and less expensive to drill and 
would give valuable geological information from the cores. 
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When commencing operations a small two-stage portabk 
compressor, such as that shown in Figure 8, should be purchase 
and used to test the proposed pressure wells. 
Experiments should be carried out to test not only the suitability 
but also the best injection pressure and injectig 
e 
Another disputed point is whether a pressure well should 
shot ; if the sand is compact this is said to provide a greater ara 
for introducing the gas and gives better distribution, it also clean 
the sand if it is waxed up. Other operators claim that it produces 
ing, and this is probably the case in a loose sand well, 
so that in deciding this point the criterion must be the type of 
strata. 


The number of pressure wells required depends on the local 
conditions and the method of operation and can only be determined 
by observation, the wells being situated where they are found 
If the wells are produced without any pressure control, 
that is at full capacity, pressure wells must be uniformly distributed 
among the producers so that there is a direct drive to each one; 
but if carefully regulated back pressure is employed, so as to 
distribute the gas over a larger area, fewer pressure wells ar 
needed. In the former case 1 to 3 or 4, and in the latter 1 to 5 
or 9, are average figures. 
of the Pressure Well.—If the well has been given 
trial with the portable set and takes the gas at a reasonable pressure, 
with results on surrounding producers, it is prepared for a permanent 
pressure well. 

It should be thoroughly cleaned of all debris that might obstruct 
the flow of gas or plug the pores of the sand. The effectiveness 
of the water shut off and the soundness of the casing are tested, 
and if satisfactory the gas may be introduced directly into the 
casing. If the shut-off is leaky or if there is barren sand or other 
porous strata above the oil-sand, the casing should be lifted, under- 
reamed and re-cemented at the top of the oil-sand. If the casing 
is defective, the gas line is set with a gas tight packer at or as 
near the top of the oil-sand as possible. This string varies from 
lin. to 4in., usually being 2 in. or 3 in. in diameter. 

The well should always be left so that it can be put back on 
production again if required. A change of pressure wells, if the 
strata is porous or channelling takes place, is often very beneficial. 

Some operators run a string of tubing inside the pressure string, 
so that any fluid accumulating in the well could flow out by 
means of gas lift. 
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Injection Pressure—This need not be much higher than the 
prevailing reservoir pressure, but depends chiefly on the sand 
conditions and the volume it is desired to introduce. If it is too 
great there is a danger of channelling or by-passing of the gas 
through fissures or porous channels in the sand without doing 
work. This is one of the chief troubles of repressuring ; in order 
to overcome or reduce it one or more of the following expedients 
should be tried :— 


eT ares 

» cleans (1) Reduction of injection pressure and input volume. 

rod wees (2) Maintenance of back pressures on the producing wells. 

d well (3) Shutting in of any well to which an excessive proportion of 


gas is travelling. 
(4) Adjustment of tubing depths in producing and pressure wells 
to avoid any barren or porous layer through which gas is 


local 

rer passing. 

= (5) Change of pressure well. 

ontrol, If excessive by-passing still takes place the strata is obviously 


unsuitable and the method will have to be abandoned. 

In projects attempted up to the present, injection pressures vary 
from 50-350 Ib. sq. in., averaging 100-150 Ib. sq. in. The input 
volume has to be determined by the effect on surrounding pro- 
ducers and by the amount the sand will take without using too 
high a pressure or producing channelling. 

Producing wells are usually operated by pump or gas-lift, though 
repressuring will sometimes cause a well to flow again if the fluid 
level is still fairly high. In order to get the maximum benefit 
from the drive and to distribute its effects equally, a back pressure 
is often maintained on producing wells by methods discussed later. 


truct 

ness Repressuring Medium.—The following types of gas have been 
sted, used for repressuring; air, dry gas, wet gas, stabiliser vapours, 
the exhaust gases from gas engines, hot gas, hot air. Their various 


characteristics are summarised below :— 

(1) Air; larger input volume required, low solubility (see 
Fig. 2), lower efficiency, very bad increase in corrosion, decrease 
in gasoline content of natural gas, more likelihood of emulsions. 

(2) Dry gas; greater volume than wet gas but less than air, 
good solubility, high efficiency, change in gravity, no corrosion, 
slight increase in gasoline content, no emulsions. 

(3) Wet gas; most soluble and thus least volume, most change in 


al. gravity, no corrosion, good increase in gasoline content, no emulsions. 
ng, (4) Stabiliser vapours ; same as wet gas. 
by (5) Exhaust gases; very corrosive; and thus impracticable. 


(6) Hot gas and hot air; no advantage over cold gas or cold air. 
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The relative values of natural gas and air as a repressuriy 
medium is a very disputed point. 

The use of air in the experimental stages gives a very usefy 
indication of the extent, direction and rate of travel of the np 


ing medium, for by analysing the gas from the produciy Pri 

wells to detect oxygen, we know whether or not it has reache Th 
any particular well. With gas this method of control is i, the 1 
applicable. are ft 
Disadvantages that weigh very heavily against air are as follows:~ & pelt : 
(1) The gas from producing wells will not be available for gasolix Th 
extraction or for recycling, owing to the danger of explosive mixturs J }( in. 
being formed, and will have to be blown to the atmosphere. Thi & jn fir 
represents a big loss of natural gas and casing-head gasoline, th HB move 
extraction plant having to be closed down. gas 
(2) Corrosion troubles are very bad with air, pumping wek & negle 
having to be pulled much more frequently. it is 
(3) Air has been known to thicken the oil very badly and al» Th 
to assist the formation of emulsions. It is noticed that when air preli 
is used there is an appreciable increase in CO, at the expense of & from 
oxygen in the recovered gas; this seems to indicate an oxidation JJ prod 
process, which is very serious if the crude is susceptible to oxidation 500 | 
It therefore appears that natural gas is the best repressuring Th 
medium, and should certainly be used if it is available from the of hi 
lease, or can be piped from another field or purchased at a cheap press 
rate. In fields where the upper oil measures are depleted and are | 
ready for repressuring and a deeper sand exists under high pressure, cast 
gas can be taken off from the high pressure wells at sufficient valv 
pressure to inject it into the depleted sands. This is actually head 
being done in the Big Lake field, where gas from a well in the third the « 
sand is used to repressure the other two. This well is producing A 
2134 barrels of oil and 21,000,000 cu. ft. of gas per day from a depth gaso 
of 8500-8523 ft. under 185 lb. back pressure. gas- 
The compressor plant may be situated at one or more central an 
points to supply a group of pressure wells or it may be in small CO 
portable units at each well. A central plant is more economical to well: 
run and easier to control. It is installed in bigger units and less the | 
labour is required, but there is a limit to the length of the supply dire 
lines owing to the pressure drop in them. gas | 
The plant usually consists of two stage horizontal compressors the 
with inter-coolers and after-coolers ; the most popular sizes are 10-in. via | 
L.P. cylinder, 4}-in. H.P. cylinder and 10-in. stroke or 10 in. by no d 
6 in. by 10 in. Some of the machines work on the tandem principle pres 
but usually each cylinder has a separate crosshead and connecting A 


rod. They are rated at 500 lbs. working pressure but will give a 
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1000 Ibs. temporarily. After-cooling is necessary with both air and 
gas to remove gasoline, or with air, condensed moisture which might 


 usefd HE freeze in the pipes. They are usually exposed coils cooled by air or 
the m water spray. 
— Prime movers are usually gas engines but may be electric motors. 


The gas engines are either the horizontal single cylinder type or 
the vertical multiple cylinder, automobile type of engine. They 
are from 50-200 H.P. in size and are connected either direct, with a 
belt and jockey pulley, or by means of a rope drive. 

The electric motors are usually 75 H.P. for 10 in. by 4}in. by 
10 in. or 100 H.P. for the 10 in. by 6 in. by 10 in. They are cheaper 
in first cost and in maintenance charges. They are very handy to 
move from place to place and do not require cooling water. The 
gas engine drive is the most common, because the fuel bill may be 
neglected since it will run on the gas produced from the lease, and 
it is unaffected by electrical storms. 

The capacity of the plant must be decided largely by the 
preliminary trials with the portable compressor. Data show that 
from 5000 to 20,000 cu. ft. of free gas should be injected for each 
producing well, requiring on the average from 1 to 4 H.P. From 
500 to 2000 cu. ft. are required per barrel of oil produced. 

The discharge from each machine passes through an arrangement 
of headers or manifold, so that any number or group of com- 
pressors can be made to flow any particular well. These headers 
are usually 4 in. diam. cast steel pipes connected by 4 in. flanged 
cast steel gate valves. The gas, if hot, is very detrimental to the 
valve seats and trouble is often caused by leaky gates. The 
headers are usually placed in the open or in a separate house outside 
the compressor station. 

Arrangements must be made for taking out the natural-gas 
gasoline from inter- and after-coolers. If the producing wells are on 
gas-lift, the compressors for both purposes will be housed in the 
same building. 

Collection and Distribution of the Gas.—The gas from the 
wells is separated from the oil by means of a gas trap and piped to 

the gathering system. There are two methods of gathering, either 
direct or by the “ loop” gathering system ; in the latter a circular 
gas line is laid amongst the producers to the nearest point on which 
the gas from the trape is led. From another point a line is taken 
via a serubber to the compressor station. In this system there are 
no dead ends, a maze of gas lines is avoided and a fairly even suction 
pressure is maintained. 

After compression the gas may be passed through high pressure 
oil or charcoal absorbers, but this is not usual as the compression 
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fact 
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weighing the advantage to be gained by returning it to the sani belie 
The gas is redistributed to the pressure wells by separate lin 
from the high-pressure manifold, the loop system being inconveniex, “ 
insti 
100 
meter, usually of the orifice type, placed in the gas lin T 
just after it leaves the header. Recording pressure gauges shoul typi 
also be installed and the gas from the producing wells should bey well 
measured in order that the operator can gauge the effects of the drive end 
and control the plant efficiently. The records of gas volumes any mic 
pressures at each pressure well and production and gas-oil ratio «bee! 
each producing well should be carefully preserved. duc 
Co-operation.—The greatest hindrance to repressuring operations S17 
in most fields is the fact that all the wells on any structure are not oy 
controlled by one company but are split up on a number of leases, 8 
of relatively small area, owned by various companies. Thus, 00 
any company wishing to repressure is deterred from doing so by the 
the fact that it may benefit its neighbours as well or more than itself. the 
Tt has been possible in some cases to operate a single leas» of t 
successfully on this system by situating the pressure well in th 
centre and operating the line wells at full capacity. If all thm © 
companies wish to repressure then an arrangement can be mad — ™! 
that offset pressure wells shall be used, introducing the same volume “© 
under the same pressure and using the same backpressure on pro- T 
ducing wells, though this system does not often given the best or ( 
most economical conditions of operation. or 
Costs.—The question is usually asked, “ does repressuring pay ! ” 
With the present overproduction in the U.S.A. and other parts of infil 
the world the times are not altogether favourable for repressuring, ( 
though it will comie into much greater prominence when conditions § qua 
are normal again. Even so, where sufficient increase in production (: 
has been obtained, handsome profits are being made in several § por 
American fields that were considered exhausted. wit. 
If there is compression plant on the field that was installed when § by- 
production was greater than at present it will probably be sufficient ‘s ( 


to supply the needs of gas-lift and repressuring. If it has to be 
purchased, however, it needs a big capital outlay with a large element 
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of risk at a time when the company, assuming it is entirely 
dependent on this one field, can least afford it. Another im 

factor is the repressuring medium. If gas is not available and air 
has to be used there will be no natural-gas gasoline produced to set 
off the cost of compression. 

Actual figures are difficult to obtain but the following are 
believed to be fairly representative of American practice. 

The cost of compressor plant and installation varies from 
$15 (£3) and $25 (£5) per 1000 cu. ft. of gas per daily capacity. 

Compression costs average 3 to 5 cents. per 1000 cu. ft. for large 
installations of about 6 million cu. ft. per day and 5 to 8 cents. per 
1000 cu. ft. for smaller installations. 

The following figures are from the Burbank field and are fairly 
typical: this field was a small property with only one pressure 
well and sixteen producers. Operations were commenced at the 
end of 1926 and the normal decline curve extrapolated on logarith- 
mic paper indicates that the production by April 1929 would have 
been 1024 barrels, as against 2700 barrels per day actually pro- 
duced. The total gain in production during the 2} years of 
repressuring was estimated as 57,625 barrels which, at a price of 
$1.75 per barrel, is worth $100,800 (£20,160). The average input 
of gas into the pressure well was 6360 cu. ft. per barrel of extra oil 
produced. After deducting all plant and operating charges and the 
cost of the key well there was a net profit of $37,000 (£7400) to 
the credit of repressuring. With an estimated three years to go on 
the life of the lease, the profits will be much greater because the cost 
of the plant and key well have been written off. 

Causes of Failure—Repressuring is not always successful, due 
in many cases to unsuitable subsurface conditions but more often* 
to inefficient operation. 

The common causes of failure are :— 

(1) Crevices or faults permitting leakage of reservoir pressure 
or of injected gas. 

infiltration of gas or requiring very high compression pressures. 

(3) Strata of unequal porosity, permitting trapping off of large 
quantities of oil. 

(4) Extremely loose, barren or unsaturated sand sufficiently 
porous to allow by-passing of the gas without coming into contact 
with the oil. If the sand is very depleted it will allow gas to 
by-pass more easily than saturated sand. 

(5) Lenticular nature of strata or presence of thin bedded layers 
of shale or other impervious material which prevent complete 
communication with producing wells. 
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(6) Water sands occurring between oil-bearing strata or water 
in sands due to bad shut-off or excessive encroachment of edge 
water. 

The water being less viscous than oil will flow more readily 
and receive the drive. 

(7) Reservoir in “ Hydraulic Control”; the rate of production 
will not be greatly affected by repressuring. 

(8) Excessive mudding or clogging of pores with paraffin wax; 
the well should be cleaned out with hot oil. 

(9) Insufficient pressure wells, injection pressures or injection 
volumes, probably due to inadequate compressor plant. 

(10) Abandonment before allowing sufficient time to obtain 
results ; in tight sands several months may be necessary before 
results are noticeable. 

(11) Bad mechanical conditions of wells and property generally. 

The time element between the commencement of operations 
and the effects at producing wells depends on such properties as 
porosity, depth or dimensions of the sand, oil saturation, size of 
compressors and rate of injection. As much as two years has 
been required in some instances for results to be really appreciable, 
but this is exceptional. 

Preliminary Investigations —The coring of the oil-bearing strata 
as the wells are drilled will give much useful information about 
sand conditions, such as thickness, porosity and degree of saturation. 

This information must be carefully considered when deciding 
on a repressuring programme, and many of the above causes of 
failure can be anticipated and probably remedied to some extent. 
Others can be obviated by careful setting of casing, the screens 
‘only being placed opposite the oil-bearing portion of the strata. 

It is also very useful to have “ Bottom Hole” data such as 
original reservoir pressure, present reservoir pressure, original gas 
oil-ratio in sand, present gas-oil ratio in sand and temperature 
of the oil. 

Apparatus for obtaining samples of the oil as it occurs at the 
bottom of the well and for registering the pressure opposite the 
producing formation has been devised by the Marland Oil Co., 
and is described in a paper by Schlacter and Stephenson. It 
consists of the following parts : 7a) thief for sampling the fluid 
under pressure; (2) recording pressure bomb; (3) maximum 
pressure bomb; (4) maximum thermometer. 

These are run in a string to the bottom of the well, which is then 
closed in and time allowed for conditions approximating to those 
in the sand to be attained. In the case of a well just brought in 
this will not be long, but with a well that has been producing for 
some time several hours will be required for an approximate result. 
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The oil thief (Fig. 9) is lowered down the well with the knife 
edge valves open as shown, so that any liquid in the well passes 
right through it. It is allowed to rest opposite the oil-sand until 
conditions at the bottom of the well are considered normal. The 
trip is then operated by releasing a short piece of pipe placed 
round the line from -the top of the well; this closes the valves 
and the whole string can be withdrawn. It holds 3} litres. 

The recording pressure bomb and the maximum pressure bomb 
are simply Bourdon gauges, the former having a recording instru- 
ment and the latter a maximum registering device. If a fairly 
constant pressure is recorded towards the end of the run, conditions 
may be taken as representative of the reservoir conditions, but if 
it is still rising the results are inconclusive. A maximum registering 
thermometer is placed in the thieving device. 

A diaphragm gauge for measuring pressures at any point in the 
well when it is producing was also devised, and enables the required 
injection pressures for a key well or the required back-pressures 
for producing wells to be estimated. 

The importance of carefully preserving all data and records 
appertaining to the scheme in hand has been emphasised. These 
can be converted into charts showing increase in production of 
offset wells compared to injection pressures or volumes on pressure 
wells or back pressure, gas-oil ratio on producing wells. 

Closed in pressures or pressures obtained by the apparatus 
just described can be marked on a map of the field and isobars or 
lines of equal pressure interpolated, which show the direction and 
extent of the drive and indicate where fresh pressure wells are 
required. 


REPRESSURING IN FLUSH OR SEMI-FLUSH FIELDs. 

The ideal time to start repressuring is during the early life of the 

field; gas is then available in large quantities and instead of 

allowing the reservoir pressure to decline and then building it up 
again, we can maintain a very gradual decline with maximum 
recovery of oil and uniform encroachment of edge water. 

This return of gas to the sand is of course used in conjunction 

with very careful pressure control at the producing wells. 

Advantages of this system are :— 

(1) The sand is saturated with oil and thus the chance of by- 

iene ling is minimised. 

(2) High reservoir pressure with minimum reduction in pressure 
between saturated sand and bottom of well reduces Jamin 
action and increases viscosity and surface tension effects by 
keeping gas in solution, thus aiding production. 
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THIEF FOR SAMPLING FLUID UNDER PRESSURE IN OIL WELLS. 
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Fie 9a. 
RECORDING PRESSURE BOMB FOR OIL WELLS. 
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(3) Edge water encroaches slowly and uniformly and oil can be 
recovered that would otherwise be trapped. 
(4) Less wells per acre will be required because the extra energy 
supplied by the gas gives a larger drainage area 
(5) Early repressuring affords a means of conserving much of the 
gas that would otherwise be wasted in a flush field. 
(6) Natural flowing life of wells is prolonged, thus cheapening 
production costs. 
It has been used simply as a means of gas storage in the 
field. 
Fig. 10 shows a lease decline curve, the shaded area representing 
an increase of 21.3 per cent. over the total production estimated 
from the normal decline curve. 


Fre. 10. 
LEASE DECLINE CURVE SHOWING RESULTS OF EARLY REPRESSURING. 


The rock pressure in a new field may be only a 100, Ib. /sq. in. or 
several hundreds of pounds/sq. in. If the initial pressure is low, say 
up to 400 Ibs./sq. in., early repressuring operations are compara- 
tively simple and similar to those described. As a general rule much 
higher pressures are met with in new fields, and it may appear 
impracticable or uneconomical to return gas to the sand against a 
pressure of say 1500 Ibs./sq. in. These high pressures are practicable 
from a mechanical standpoint and pressures of this amount have 
been used in the Seal Beach field of California, using compressor 
units from 50 to 1500 H.P.; but installation of such plant is 
undoubtedly expensive. 

Where wells are produced against a high back pressure, the gas 
can be delivered to the suction of the compressor under pressure 
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and thus reduce the horsepower required to compress it to the 
re-injection pressure. 

Thus with an intake pressure of 20 Ibs./sq. in. and a discharge 
pressure of 150 Ibs., a 150-h.p. compressor will deliver 570,000 cu. ft 
per day by three-stage compression ; with an intake pressure of 
75 Ibs./sq. in., the same compressor will deliver approximately 
900,000 cu. ft. ‘of gas against the same discharge pressure 

In flush fields, well head pressures of 200-300 Ibs. fag. i. in. are quite 
common and the best method of operation to adopt is to install two 
gas separators in series, one high pressure separator at 
200-300 Ibs./sq. in., delivering gas to a high pressure main, for 
further compression and re-injection into the sand ; owing to the 
high pressure this gas will be practically dry. The other low pressure 
separator, at about 30 Ibs. /sq. in., wil! take off gas that can be treated 
ee and then piped to field service or gas engine 


Though the gasoline content of the gas will be reduced by the 
back-pressure held on the traps, there will be a certain amount 
produced in this compression and the best practice is to install a 
large capacity low-pressure plant for extracting this; two more 
compressions in a separate plant will be sufficient to deliver it to 
the injection wells. This refers to cases where back-pressures up 
to about 100-150 lbs./sq. in. are the rule. 

Location of Pressure Wells —Where gas storage is desired, it is 
best to return the gas to the top of the structure because, gas being 
more compressible than oil, larger volumes can be forced in with a 
smaller rise of pressure and the oil will be forced away from the gas 
area towards the producing wells; this is the method adopted in 
the Dominguez field. 

Here the two largest operating companies have been co-operating 
for seven months in the storage of gas. Each company injected 
10,000,000 cu. ft. of gas per day through 11 wells. Of the remaining 
32 producing wells, 15 which had been producing on gas-lift returned 
to natural flow and some others that were previously flowing wide 
open are now producing under back-pressure. It is estimated that 
about 80 per cent. of the gas is being retained in storage. 

If gas drive is aimed at the rules given previously for location of 
pressure wells will apply, also most of the other remarks on 
repressuring of exhausted fields. 


Back-PREssuRE CONTROL. 

The effective back-pressure in any well may be defined as the 
pressure maintained opposite the producing strata in the well when 
the latter is producing that tends to decrease the pressure differ- 
ential between the genera] body of the sand and the producing well. 
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Methods of measuring this actual pressure directly are not yet 
perfected and thus back-pressure is measured by the effect it 
produces on the performance of the well ; that is in terms of casing- 
head pressure or bean size, by which it is largely governed, or by 
production curves, or better still by means of gas-oil ratio, since 
this factor represents the efficiency of production from the point of 
view of conservation of natural gas forces. 

For each well there is an optimum back-pressure which must 
be found by trial as explained later. This optimum back-pressure 


cl 


may vary for the same well over long periods of time, due to decline 
in reservoir pressure or increased resistance to flow of oil into the 
well. It is found that some wells are producing too fast, since 
restricting their production lowers their gas-oil ratio, while others 
are producing too slowly, since increasing their production decreases 
their ratio. The former is more often the case with new flowing 
wells and the latter with old pumping wells. 

The application of the correct back-pressure will not unduly 
reduce the daily production since, as was mentioned in the early 
part of this paper, if a high reservoir pressure is maintained by gas 
conservation methods, the same amount of oil can be produced 
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with a smaller pressure differential (higher back-pressure) as with , 
much larger differential, if the reservoir pressure is low due to 
wastage of gas. 

By varying back-pressure and taking measurements of gas and 
oil production and calculating the gas-oil ratio, we can plot curve 
such as those in Fig. 11. 

It is found that, in general, the size of bean or the casing-head 
pressure which gives the minimum gas-oil ratio also gives the most 
economic rate of production from the point of view of maximum 
ultimate production and does not unduly decrease the daily rate, 
in fact it will often improve it. 
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INCREASED ULTIMATE RECOVERY BY INCREASING BACK-PRESSURE. 


A quick method of appraising the results of changes in bean size 
or tubing depths on ultimate production is illustrated in Fig. 12. 

When the daily production is plotted against the cumulative 
production, a straight line is obtained in all normal cases, provided 
the conditions of operation are unaltered. 

A change in operating conditions will lead to a change in slope of 

Now the point at which the plotted line cuts the zero of 
daily production will represent the expected ultimate production 
of the well. 

Thus a decrease in slope indicates higher ultimate production and 
an increase in slope lower ultimate production. 

The minimum gas-oil ratio will give as a rule the minimum slope, 
thus indicating the maximum ultimate production and provided 
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the daily production is not decreased to an undue extent these will 


lue to I be the best operating conditions for the well. 
S and Methods of varying back-pressure depend on whether the well 
ULrves is flowing, being pumped, or is operated on the gas-lift. 


With a flowing well the means of control is by (a) a bean in the 
flow line ; (b) back-pressure held on gas separator ; (c) variations 
in depth of flow tubing. 

A bean is the usual method, especially if high pressures have to be 
dealt with. 

Flow beans may be of the solid type or of the adjustable needle 
valve type. The former consist of a cylindrical section of steel 
from 3 to 5 in. long through which a longitudinal hole is drilled ; 
they vary in size by 4 in., from } in. up to ljin. and changes in 
size necessitate a special arrangement of the well-head connections 
so that the flow can be diverted through another line which contains 
the new bean. On very high-pressure wells they need frequent 
replacement due to scoring. 

The adjustable flow beans are becoming more popular owing to 
their ease of adjustment without interfering with the flow of oil, 
but they are not so robust as the solid type. The best setting is 
obtained by an experiment, such as that described (Fig. 11). 

A bean set in the casing or flow tubing at some point near the 
sand has been tried and theoretically should give better results; in 
practice, however, they have not been very satisfactory owing to 
their inaccessibility. Such a bean should work with a lower gas-oil 
ratio because if, for instance, a well is producing against 
250 Ibs. /sq. in. back-pressure held by a bean at the top of the casing, 
the gas is not expanding to its full extent and not doing maximum 
work, but expands in the trap where the work is wasted. 

When a bottom hole bean is used which holds the same back- 
pressure on the sand but allows a pressure at the top of the casing 
of 5 Ibs./sq. in., the full expansive force of the gas is used and less 
gas will be required to lift the oil; if the casing head pressure in 
such a case were only reduced to 80 Ibs./sq. in., a big saving in gas 
energy is effected. 

Recently a Californian firm have introduced an adjustable bottom 
hole bean, which should overcome much of the difficulty due to 
inaccessibility. The flow tubing is carried on a ball race, by rotating 
which the size of the opening is varied. A swivel on top of the 
tubing permits the connection of flow lines and a packing head is 
used to hold the casing pressure. 

Back-pressure is often maintained by means of the gas traps but 
this is only suitable for small pressures up to about 30 lbs./sq. in. ; 
for higher pressures flow beans are safer and more preferable, 
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Adjustment of tubing depth is another means of conserving ga 
without undue curtailment of oil production. Deep tubing, that is 
tubing that extends substantially deeper than the top of the 
producing zone or below the highest perforations of the casing, 
tends to impose a greater back-pressure on the strata than tubing 
which does not reach this depth; in this case the only back. 
pressure exerted is due to the column of fluid in the flow tubing. 
The reason for this can be seen from Fig. 13. 

Since the gas tends to occur at the top of the producing zone, 
with tubing above this level the gas has free access to the tubing 
and has more chance of entering the well than the oil, because the 
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PRESSURE-DEPTH CURVES. FLOWING WELLS WITH SHALLOW TUBING AND WITH 
DEEP TUBING, SHOWING WHY WELIS WITH DEEP TUBING TEND TO HAVE 
LOWER RATIOS. 


effective back-pressure is less at the top than at the bottom of the 
oil zone, assuming this to be of appreciable thickness due to the 
greater length of the oil column. 

With deep tubing however the position is reversed, as shown in 
the figure, and the pressure tending to force the oil into the well 
is greater at the bottom opposite the oil zone and less at the top near 
the gas zone. 

The casing-head is of course shut in. It does not allow a very 
big range in variation and is no good for a very high pressure well. 

In a pumping well back-pressure is regulated by means of the 
fluid level of the oil, a high fluid level imposing a higher back- 
pressure. It is regulated by pump submergence and rate of 
pumping. A slower rate of pumping will maintain a higher fluid 
level and reduces heading of gas. 
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7) Another method of control is by casing pressures and deep 
at is tubing, the aim being to get the fluid level as low as possible and 
the i then apply whatever back-pressure is necessary, with a gas pressure 
sing, # maintained on the casing. The conditions on conducting an 
bing J experiment with varying casing-head pressures are illustrated by 
ack. ig. 14. 

appreciably but the oil production only slightly, until a critical 
one, pressure is reached after which it drops suddenly. The gas-oil ratio 
bing J as a result has a minimum value at the critical pressure, rising 
the J sharply when this is passed. 
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_EFFECT OF CASING PRESSURE ON WELIS WITH DEEP TUBING. 


The theory of this is that at pressures below the critical the fluid 
level is above the pump and as the pressure is increased the level 
is correspondingly lowered ; pressures below the pump, where most 
of the oil is entering, remain almost constant, giving almost constant 
production while pressures above the pump, where most of the 
gas is entering, increase with increasein casing-head pressure. If 
the pressure increase forces the fluid level below the.pump, the gas 
is allowed to enter with loss in volumetric efficiency and oil 
production, thus accounting for the sudden decrease after the critical 


pressure. 

The aim should be to operate such wells with casing pressures 
slightly less than critical with the pump suction below the gas zone 
of the oil sand. Complete shutting in of the casing will force the 
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gas into the pump, and an adjustable pressure regulator at th 
casing-head is required. 

In a gas-lift well the back-pressure is affected by the followiy 
factors 


(1) Adjustment of tubing depths ; the smaller the submergeng 
the greater the back-pressure owing to the higher fluid leve, 

(2) Injection pressures; the higher the injection pressure th 
greater the back-pressure. 

(3) Adjustment of tubing diameters; the bigger the gas mai 
in proportion to return main or education pipe, the greater 
the back-pressure. 

(4) Gas volume circulated ; the bigger the volume the faster th 
flow, giving smaller back-pressures. 


Thus a gas-lift is a very flexible method of pressure control and 
some operators advocate the installation of gas-lift with high 
back-pressure before the well has ceased to flow naturally, conserving 
the formation gas and lifting the oil with the injected gas. 


Summary AND CONCLUSIONS. 


To obtain the greatest possible recovery of oil from any sand with 
minimum production costs, the natural gas energy must be utilised 
to the fullest extent, by :— 


gas-oil ratio. 


(2) Return all available gas to the formation by commencing 
repressuring operations during the early life of the field. 

(3) If the gas energy of the field has been allowed to dissipate, 
then, in order to recover the dead oil, repressuring with gas 
or air must be adopted to restore the pressure to some extent. 


(4) If the above method is unsuccessful it is permissible to try 

water drive. 

The ultimate criterion in deciding on the method of operation 
is an economic one. 

Though the methods outlined in this paper will give a much 
higher ultimate production, oil companies will not curtail present 
production and will not pump gas into the sand when there is 4 
likelihood of benefiting their neighbours who are producing at full 

capacity, 
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This competition leads to much wastage of natural gas energy 
and much unnecessary expense, due to excessive drilling, and gives 
, low ultimate yield from the sand. To gain the full benefit of the 
methods described it is necessary to have unit operation of a field 
either by a single company or by a syndicate of companies operating 
in conjunction. An instance of the advantages to be gained by unit 
operation is afforded by the Persian oilfield under the sole control 
of the Anglo-Persian Oil Company. 

The author acknowledges his indebtedness to the following 
publications and journals for information and for the use of dia- 
grams: “ Analytical Principles of the Production of Oil, Gas and 
Water from Wells,” by 8. C. Herold; the Transactions of the 
Petroleum Division of the American Institute of Mining and 
Metallurgy, National Petroleum News, Oil and Gas Journal, Oil 


Weekly. 
Department of Oil Engineering and Refining, 
University of Birmingham. 
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Luminous Stationary Flames : the Quantitative Relationship 

between Flame Dimensions at the Sooting Point and 

Chemical Composition, with Special Reference to Petroleum 
Hydrocarbons.* 


By 8S. T. B.Se., A.I.C. (Associate Member). 


Kew ey and Jackson! have described a method of evaluating 
the burning of kerosines in which a figure called the “ tendency to 
smoke ”’ is determined. 

In brief, the method consists in burning the sample to be evaluated 
in the Weber Photometer lamp. A small, conically shaped flame 
is produced ; and the maximum height of flame that can be obtained, 
just short of smoking is measured in millimetres, an image of the 
flame being thrown on a ground glass screen incorporated in the 
lamp and divided by a scale from 10 to 32 mm. The flame height 
thus measured is subtracted from 32, and the result called the 
“tendency to smoke.” The selection of the figure 32 is due to the 
fact that 32 is the upper limit capable of measurement on the scale. 

It is claimed that the composition of kerosines, both as regards 
the various hydrocarbon classes, and boiling range, cause variation 
in the tendency to smoke. Figures are given which support this 
claim, although no quantitative inferences regarding the relative 
sooting tendencies are established. 

To all interested in the testing of petroleum products, the method 
described by Kewley and Jackson is of great interest, since it 
suggests a way of evaluating the burning of kerosines more exactly 
than any other employed. Moreover, apart from the use of the 
method as a test, the assumption is made that the new value is 
dependent in a quantitative manner on the composition of the oil. 
This is clear from the fact that Kewley and Jackson measure the 
ilifferences between different kerosines; although, as has been 
previously pointed out, the relative quantitative values of the 
different hydrocarbon classes were not found. 

The work to be described was undertaken in order to examine 
the utility of the method, and to endeavour to amplify the quanti- 


tative aspect of the dependence of tendency to smoke on the 
composition of the oil. 


Paper received September 19th, 1930. 
- Inst. Petr., Techn., 1927, 18, 372 et seg. 
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In the first place, Kewley and Jackson’s manner of expressing 
tendency to smoke is somewhat unfortunate, since, clearly, an oil 
of no sooting tendency will have an infinite maximum flame height, 
and not just 32 mm., as required by their method. Also, many 
oils, for example, intermediate and lubricating oils, have values 
well below 10 mm. flame height. 

The method of expressing the value “ tendency to smoke” was, 
therefore, modified to 


where S, is the smoking tendency, K a constant and h maximum 
flame height (in mm.) short of smoking. K was written equal to 
320, so that the value 8, might be of the same order as h for the 
majority of commercial kerosines. 

With this modified method of expression, the problem then 
became to find the relative smoking tendencies of the paraffin, 
naphthene, and aromatic classes for a similar boiling range, and 
also to find the effect of variation in boiling range on smoking 
tendency. 

Before describing the methods of preparing the three hydro- 
carbon classes, the following remarks may be made :— 

With the exception of the paraffins, the classes vary considerably 
for different crudes. Thus if certain physical, and chemical pro- 
perties of a range of aromatics or naphthenes are found for one 
crude, these values almost certainly will not be applicable for most 
other crudes. Moreover, the possible differences, between, say, 
individual members of the naphthene class, will become very 
much greater as the boiling point increases. For example, the 
difference between naphthenes in the benzine cut from different 
crudes will be less than the difference for kerosines and so on. 

For this reason, the method of finding factors (e.g., aniline point 
methods) for determining the class content of petroleum distillates 
is open to question, especially when the method is extended beyond 
the benzine cut. 

If, on the other hand, it is attempted to procure an average 
factor, what is really being done is to define a hypothetical class 
and express all naturally occuring classes in what might be termed 
“ equivalents ’’ of the hypothetical class. In fact, there seems no 
reason why a definite “ aromatic”’ or “‘ naphthene ” class should 
not be arbitrarily defined as standards, and evaluations on samples 
be expressed in terms of “ naphthene ” and “ aromatic ” equivalents 
of the defined standards. ‘ ‘ 
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However, it will be quite clear from the foregoing that the resuly 
obtained in this work only refer to the particular “ standanj 
classes employed. 

The paraffin class was prepared as described by Minchin anj 
Nixon.* It consisted of a fraction cut from 150—280° C. 

The naphthene class presents much more difficulty. Carpenter 
has stated that the aromatic free kerosine cut from Badarpur crude 
oil (from Assam) is practically purely naphthenic in composition. 
In support of this the figures given in Table I. may be noted. 


160°-170° C. 
170°-180° C. 
180°-190° C. 
190°-200° C. 
200°-210° C. 
210°-220° C. 

°-230° C. 
230°-240° C. 
240°-250° C. 
250°-260° C. 
260°-270° C. 
270°-280° C. 

Average .. 


The specific refraction of monocyclic naphthenes can be taken 
as 0-3229, and of the dicyclic naphthenes likely to occur in the 
boiling under consideration as 0-3191. These values are 
calculated from Eisenlohr’s 

A certain amount of dicyclic naphthene almost certainly distils 
below 200° C. under the distillation conditions employed. On the 
whole the agreement is such as to show this aromatic free kerosine 
to be substantially naphthenic in composition. 

It was, therefore, decided to use this product as the naphthene 
class. 

The aromatic class was prepared by an unpublished method of 
Mr. G. R. Nixon. This consists in repeatedly cracking an aromatic 


# Minchin and Nixon, J. Inst. Petr. Techn., 1928, 14, 477. 
* Carpenter, J. Inst. Petr. Techn., 1926, 12, 555. 
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Specific Aniline Refractive n 
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at 20°C, °C. at20°C. Lorenz. Th 
150°-160° C. 469 1-4293 0-3320 and | 
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extract from kerosine at 400—500°C. The synthetic crude is 
extracted with sulphuric acid in increasing concentrations.* 

In each case the fractions distilling through a Hempel column 
between 150°—280° C. were collected. Some of the properties are 
given in Table II. 


enter! 

crude Tasrx II. 

Sition, Sp. gr. at 60° F. Aniline point. 
1. «art a 82-8° C. 


Naphthenes 0-841 54-0° C. 
Aromatics .. a di 0-925 Below 0° C. 


The maximum flame height, tendency to smoke, and aniline 
points were determined on various blends of the three classes, and 
also on fractions cut from various treated and untreated crudes 
taken every 10°C. from 150°—280° C. through a Hempel column. 

The results, and curves obtained are given on Tables III.—V. 
and Figs. 1—4. 


Tasxe III. 
Properties of Parafin-Naphthene and Paraffin-Aromatic Miztures. 
Volumetric Volumetric Volumetric Weber Photometer Lamp. Aniline 


5 95 on 25-1 12-7 55-3 

10 90 oni 26-1 12-3 57-1 

15 85 ine 27-0 11-9 58-6 

20 80 we 28-2 11-3 60-0 

25 15 _ 29-1 11-0 61-5 

30 70 -_ 30-4 10-5 63-2 

cen 35 65 _ 31-7 10-1 64-5 
the 40 60 oo Above 32 _— Below 10 65-9 


ils 50 aie 50 11-5 27-8 39-5 
55 45 14-9 21-5 44-7 
60 — 40 16-3 19-6 49-6 
ne 65 om 35 18-6 17-2 54-2 
70 am 30 21-0 15-2 57-9 
ne 15 <n 25 24-8 12-9 61-7 
80 om 20 26-1 12-3 66-4 
85 on 15 30-0 10-7 69-9 
c 90 10 Above 32 Below 10 14-7 


* Minchin and Nixon, J. Inst. Petr. Techn., 1928, 14,477. 
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IV. Tend 
constitu 
Smoke of 10° C. Cuts of “ Naphthene Standard " (Aromatic-fre H st \east 
Badarpur Fractions). hetweer 
Weber Photometer. or 
Cutting temperature Maximum Tendency 
of fractions in ° C. to smoke. 
150-160 10-1 
160-170 29-3 10-9 
170-180 27-4 11-7 
180-190 oe 24-9 12-8 
190-200 24-0 es 13-3 
200-210 21-6 148 
210-220 21-1 15-2 
220-230 ee 19-8 16-2 
230-240 18-8 17-0 
240-250 17-8 18-0 
15} 


250-260 ee 16-0 ee 20-0 
260-270 ee 


Taste V. 


Tendency to Smoke. 


10F 


Cutting Kerosine from Kerosine from 
temperatures of mized base crude. paraffin base crude. 


(°C.). 


140-150 24-7 13-0 Above 32 Below 10 5 
150-160 23-5 13-6 & » 
160-170 22-8 14-0 » 32 
170-180 22-6 14-2 o = 
180-190 22-1 145 » 3 
190-200 21-1 15-2 ” 32 
200-210 20-1 15-9 o & 
210-220 19-3 16-6 » & 0 
220-230 18-3 17-5 » & 
230-240 17-8 18-0 » 3 
240-250 17-1 18-7 » 3 
250-260 16-3 19-6 » 32 — 
260-270 15-3 20-9 » 3 
270-280 143 22-4 ” 32 
It 
The results show that the tendency to smoke of a kerosine is §f curve 
directly proportional to its aromatic, or naphthene content, and in repres 


general directly proportional to boiling range. 


106 
the fractions Maximum Tendency Maximum Tendency 
|| flame height. tosmoke. flame height. to smoke. 
value 
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Tendency to smoke, therefore, must be regarded as an important 
constitutive property of kerosines. In this respect it becomes of 
at least equivalent importance to aniline point. The relationship 
between aniline point and tendency to smoke is given in Fig. 3. 


25 


20 30 0 50 60 70 80 90 100 
Per cent. Aromatics or Naphthenes. 
Fic. 1. 


TENDENCY TO SMOKE OF MIXTURES OF PARAFFIN-NAPHTHENE AND PARAFFIN- 
AROMATIC MIXTURES. 


It will be observed that extrapolation of each tendency to smoke 
curve crosses the same point on the ordinate (Fig. 1). This point 
represents 100 per cent. paraffins and hence the tendency to smoke 
value of pure paraffins is shown to be 4-4, a result which cannot be 

12 
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found directly by the instrument. Extrapolation in the othe 
direction gives the tendency to smoke of the aromatics and napb. 
thenes. Thus the relative smoking tendencies of the classes cay 
be found. 


flo 20 30 40 50 60 70 80 90 109 
Per cent. Aromatics or Naphthenes. 


Fie. 2. 
ANILINE POINTS OF PARAFFIN-NAPHTHENE AND PARAFFIN-AROMATIC MIXTURES. 


These extrapolated results rest on the assumption that the 
straight line relationship persists from 0—100 per cent. of the added 
class. Whilst the validity of this cannot be proved, a certain 
amount of confirmation is to be found in the fact that the aromatic 
and naphthene curves cross the same point on the ordinates. 
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60 70 
Aniline Points, °C. 


Fre. 3. 


RELATION BETWEEN ANILINE POINT AND TENDENCY TO SMOKE OF PARAFFIN 
NAPHTHENE AND PARAFFIN-AROMATIC MIXTURES. 
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where S, and s, are smoking tendencies and A and N the volumetric 


aromatic and naphthene percentages respectively. 
relative values are shown to be :— 


For the boiling ranges considered, therefore, the aromatics have 
3-2 times the smoking tendency of the naphthenes. 


1X80 ARs 


160- 170- 180- 190- 200- 210- 
170 «180 «619 
Cutting Temperatures, °C. 

Fie. 4. 


VARIATION OF TENDENCY TO SMOKE WITH BOILING RANGE OF CUTS FROM 
DIFFERENT CRUDES. 


It may be remarked, in this connection that a tendency to smoke 
of 13-1 represents quite an excellent kerosine, and hence the 
naphthenes may be regarded as useful constituents of kerosines. 
The result also tends to emphasise the fact that any method of 
refining for aromatic removal should remove the minimum amount 
of the naphthene class for the most efficient results. 

Assuming the mixing of aromatics and naphthenes in the presence 
of paraffins still follows the same relationship :— 

S, = 4-4 + 0-087N + 0-38A (4) 
can be written ; which defines tendency to smoke when the aromatic 
and naphthene concentrations are known in equivalents of the 
aromatic and naphthene standards employed. 
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For example, the aniline point curves (Fig. 2) give the following 
results :— 
1° depression of aniline point corresponds to 1-14 per cent of 


imMetrie aromatics. 
18 thi 1° depression of aniline point corresponds to 3-39 per cent. of 
naphthenes. 


Taking the aniline point of the pure paraffins from the curve as 
83-5, an aromatic free kerosine from a mixed base crude with an 
aniline point of 71-2 has a naphthene content of 41-4. 

Similarly the aromatic content is found to be 20 per cent. and 
hence the approximate composition of the kerosine, in terms of 
equivalents is :— 


Paraffins 48. 
Naphthenes 32. 
Aromatics 20 


Now, if the three standards employed are blended in these pro- 
ions, a kerosine in every way identical with the natural one 


should be obtained. 
The mixture was made, with the following results :— 
Tasre VII. 


Specific gravity at 60° F. 
Aniline point ee 
Aniline point after H,S0, ‘extraction .. 72-8 71-2 
Difference i t oe oe 


three standards is widely dissimilar from the natural kerosine, that 
of the mixture cannot be distinguished from it. 

Thus, whilst it is more than likely the aromatic and naphthene 
class in the natural kerosine differ from the prepared aromatic and 
naphthene standards, using equivalent quantities of the standards 
reproduces almost exactly the properties of the natural kerosine. 

The results of the work so far described indicated quite clearly 
that tendency to smoke is a constitutive property of kerosines, and, 
in such a simple manner, as to suggest that the property is of a 
fundamental nature ; that is to say, dependent on the constitution 
of the molecules themselves. 

It thus becomes expedient to try and find the relationship between 
chemical constitution and tendency to smoke, in order that the 
significance of the measurement may be understood as fully as 
possible. Incidentally, if guch a relationship is found, it should 
prove an excellent cross check on the values already obtained, 
since it will be possible to calculate them from quite different data. 
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Moreover, values for olefines, diolefines and the like could also be 
calculated, which values cannot be obtained in the direct manner 
already employed. 

With these ends in view, therefore, the second part of the 
investigation was undertaken. 

We have two sets of observed facts about the flames in the 
Weber Photometer :— 

(1) The tendency to smoke is directly proportional to the aromatic 
and naphthene content of a petroleum mixture of given boiling 
point range. 

(2) There is an increase in sooting tendency for an increase in 
molecular complexity. 

There would seem to be little doubt that the tendency to smoke 
is determined by the amount of oxygen which is available to the 
flame on the one hand, and the amount required by the flame on the 
other. At maximum flame height, that is the point at which sooting 
is about to commence, these two are equal. 

Secondly, the amount of oxygen available to the flame is deter- 
mined by two factors :— 

(a) The area of flame surface developed. This is where com- 
bustion occurs. 

(6) The amount of dilution of oxygen that takes place due to the 
evolution of combusted gases from the flame surface. 


A mathematical consideration of these various points has been 
attempted, but no satisfactory solution obtained. Yet considera- 
tion will show that probably some sort of ratio between the volumes 
of available oxygen and combusted products determines the sooting 
point. If the simplest assumption, concordant with the 
already obtained, is made : 

V; 


may be written, where V is the flame volume, V, the volume of 
oxygen available to the flame, and V, the volume of combusted 
products; V, and V, being assumed at the same temperature and 
pressure. K, and K, are constants. The reason for writing { 
needs some explanation. It has been shown that 1 gives a straight 
line relationship for varying concentrations of a given hydrocarbon 
class. As the Weber flame is approximately conical, this volume is 
rth; and if constant constant. 

Regarded in one way, therefore. the above equation may be 

regarded as a general form of those already obtained. 
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At any given instant, the amount of oxygen available to the 
flame will exactly burn the weight of material in the flame. 

If M is the molecular weight of the combusting substance, m the 
weight of substance in the flame, V,, the volume occupied by 
1 gram molecule, at N.T.P., x the molecular volumes of combusted 

ucts at N.T.P., y the molecular volumes of oxygen required for 
complete combustion, T, the temperature of the gases, absolute ; 
and T,=273° absolute, ' hen 


For any given substance y and x are known; if K, and K, can 
be evaluated, {and hence h for any substance can be found. 


Various substances were burnt in the Weber Photometer at their 
smoking points, and the heights and radii of the flames produced 
measured by means of a travelling microscope. 

The results are given on Table VIII. A photographic examina- 
tion showed that the flames were practically true cones so that the 
volumes of the flames could be calculated. 


Taste VIII. 
Flame Heights, Radii and Volumes, etc., of Various Organic Compounds. 


VyymT 
VyxmT, 
| 
» MT, 
Ve x 
So that 
r- I 
l- 
n 
g 
8 
| x 
h r v= y Molecular JY 
Substance. in in lath Molecular __ vol.of x 
cm. cm 3 vol. of combusted 
c.c. oxygen. products. 
| Toluene oa .. ©0449 0-2885 0-0392 9-0 ll 0-818 
Xylene ©0622 00-2965 0-0574 10-5 13 0-808 
Ethyl benzene .. ©0416 02900 00367 10-5 13 0-808 
Methyl naphthalene .. 0-345 0-2004 00159 13-5 16 0-844 
Tetraline ee .. ©0553 0325 00613 13-0 16 0-813 
Decaline au -. 1137 0-340 0-186 14-5 19 0-763 
Benzy! alcohol .. 06540 0-250 0-0353 8-5 11 0-773 
om-cresol .. 0847 0340 0-103 8-5 ll 0-773 
p-cresol .. ©0849 0-341 0-103 8-5 11 0-773 
o-cresol 0-846 0343 0-103 8-5 0-773 
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The ratio ~ was then plotted against 1 and a straight line drawn 


through the plots (line AB, Fig. 5). 
be found. 


1 
Values 
Fie. 5. 
CURVE FOR DETERMINING THE CONSTANTS IN EQUATION 6. 


Dapeaatitin lie average value of 0-85 om. for the radius of the flame 
the equation becomes (multiplying each side by att) 
= 36:1 2665 

h being the maximum flame height in cm. 
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Benzene 


Pararrins 
7 8 9 10 ll 12 13 4 = «615 
Number of Carbon Atoms, 


Fie. 6. 
THE TENDENCIES TO SMOKE OF HOMOLOGOUS SERIES. 


The final expression after modification and the introduction of 
suitable correction terms to allow for the variation of the flame 
radius was (x+3) 


h= 361 xy + 
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The relationship applies only when complete combustion occur, 
and does not hold good with the same degree of accuracy for highly 
volatile substances, since, with such substances, large flame radii 
are produced, and a departure from the cone shape occurs. 


The above relationship is thus semi-empirical in nature, and 
should apply to the combustion of any organic substance within 
the limits stated in the preceding paragraph. By its aid can be 
calculated the tendency to smoke of any homologous series. Some 
values of such series are given on Fig. 6. 


One of the most interesting features of these curves is the fact 
that the tendency to smoke of any homologous series, except the 
paraffins, decreases with the increase in the number of carbon 
atoms, or boiling point. This, of course, is the expected result, 
since as the molecules become more and more paraffinic, the 
influence of the nucleus (benzene or naphthene ring, or centre of 
unsaturation) becomes more and more balanced by the very much 
smaller sooting properties of the paraffins. The paraffins them. 
selves show an increase sooting tendency for an increase in mole. 
cular weight; thus, the “ paraffinic” effect of a paraffin side 
chain will be less the greater the length of the chain. The inter. 
play of these two factors accounts for the shape of the curves. 


On the other hand, it is an observed fact that the tendency to 
soot of a petroleum mixture generally increases with rise in boiling 
point ; and the explanation would appear to be that the increase 
due to the paraffin, together with the increases due to the intro- 
duction of more complex naphthenes and aromatics, more than 
offsets the influence due to the introduction of homologues of series 
already present. 

From this figure an approximate value for the paraffin, naphthene 
and aromatic classes can be obtained, thus effecting a cross check 
on the values obtained by extrapolation. 


Taking the average tendency to smoke from eight to seventeen 
carbon atoms for each class, the following results are obtained :— 


Taste IX. 


Tendency to smoke. 
Paraffins. Naphthenes. Aromatics. 
By cale. from formula... 40 - 13-0 oe 45-0 
Experimentally extra- 
polation 44 ee 13-1 ee 42-4 


In view of the limited data available for the derivation of the 
equation, the agreement is good. 
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Table X. gives some further observed and calculated values :— 


The xylene, tetraline, and decaline used were commercial products, 
not pure, and the xylene is particularly liable to contain appreciable 
percentages of other hydrocarbons. 

The agreement, on the whole. is fair, except in the case of benzyl 
alcohol. Benzyl alcohol has the same empirical formal as the 
cresols ; but, whereas the cresols give the calculated results, the 
benzyl alcohol gives a much lower figure. This difference is not 
due to impurity in this instance. 

The probable explanation would appear to be abnormal combus- 
tion of the alcohol ; that is, some form of combustion in which the 
molecule does not break down simply into carbon dioxide and 
water as follows :— 

2 C,H; CH,OH 170, 14 co, 8H,0, 
but in some other manner so that a different © value is obtained. 
For example, equation 6A shows 
= 281:3 2 —207-7, 
whence £ may be calculated for experimental values of V. Thus 
ifa z value is obtained from any possible means of decomposition 
and combustion that is the same, or near, the value calculated 
from the equation, then this will probably indicate the actual 
means of combustion. This was attempted for benzyl alcohol 
and several other compounds. 


Substance. 
Benzyl alcohol 
Ethyl benzoate .. 1-200 0-360 0-163 0-761 
Dimethylaniline .. 0-704 0-333 00817 0-783 


The benzaldehyde and ethyl benzoate were chosen because of 
their relationship to the alcohol, and the aniline and dimethyl- 


ighly Taste X. 
= Substance. flame height flame height 
observed in mm. calculated. 

and Toluene... ee ee oe 4-49 es 4-85 
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aniline in an endeavour to find what happens to the nitrogen, 
The possible means of producing this ¥ values are given below. 
Taste XII. 


Substance. Manner of decomposition. 


Note Tho water i is evolved before 
commences. 


Normal 
Normal 


2 0-754 0-738 


> 6C0O,+2H,O+ 0-754 0-778 


+21, H,O > 0-769 0-750 
0 


md 100 0-769 0-783 

The agreement between the Y values is only fair, but neverthe- 
less, the nearest that can be obtained with any degree of probability. 

Thus the benzyl alcohol probably loses water before combustion 
commences ; but the benzaldehyde, and the ethyl benzoate do not. 

A fuller study of the behaviour of alcohols, aldehydes and 
related substances would be intefesting in view of the bearing of 
the hydroxylation theory. 

The aniline, and dimethylaniline may either lose the nitrogen 
as nitrogen, or as ammonia; this occurs during combustion. The 
nitrogen cannot be evolved as oxides of nitrogen and give y 
values to fit the equation. x 

These few results will serve to show the possibilities of the 
tendency to smoke in the realm of organic chemistry ; and it is 
hoped that it will be possible to follow the work in more detail at 
an early date. 

It will be observed from the Fig. 6, that the formula gives the 
same sooting tendency for olefines as monocyclic naphthenes_ and 
diolefines as dicyclic naphthenes, and so on. 
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This is the only possible way, at present, of finding the influence 
of unsaturated compounds on burning, in view of the fact there isno 
method of preparing a “pure standard” olefine or “ diolefine.” 
For this reason it must be recognised that the calculated results 
for the unsaturateds have no experimental evidence to support 
them. However, in view of the agreement between observed and 
calculated results, it would appear that the method of devising the 
equation is substantially correct, as far as it goes; and hence the 
values for the unsaturateds should also be correct. 

Again it must be emphasised that this only applies in so far as the 
combustion of the substance is complete in the Weber lamp. This 
is important with regard to unsaturated compounds, because it is 
an experimental fact that untreated cracked kerosines give rise 
to much incrustation on the wick when burnt in an ordinary lamp. 
It may be said, therefore, that with certain, at least, of the 
unsaturateds, combustion is not complete. According to the 
formula, this should have the effect of causing such distillates to 
have smaller sooting tendencies than their composition warrants. 
For example, if one gram-atom of carbon were deposited from one 

-molecule of decene the tendency to smoke would decrease 
from 13 to 3. 

It is not an easy matter to test the validity of these conclusions, 
because of the difficulty of complete removal of the unsaturateds 
by physical methods, and the various side reactions that go on 
when chemical reagents are employed. However, the following 
results, probably indicate that untreated cracked kerosines, which 
produce large amounts of char on burning have relatively low 
tendency to smoke values. 

Taste XIII. 
Tendencies to Smoke of Treated and Untreated Pressure Distillate. 
Untreated 


Cutting Pressure distillate 150-285° C. fraction ight 


gen. 
ven 
sted 
of 
ion, 
of the a residue from a acid eedbmay See | from the 
. ‘endency to smoke. per cent. residue. Tendency 
to smoke. to smoke. 
3 150-160 12-9 3-7 13-6 
r 160-170 13-4 14:3 14-0 
3 170-180 13-9 15-2 14-2 
180-190 14-7 158 14-5 
190-200 15-8 16-8 15-2 
200-210 16-8 17-8 15-9 
210-220 17-8 18-5 16-6 
| 220-230 19-6 19-7 17-5 
230-240 21-3 20-8 18-0 
240-250 22-3 21-3 18-7 
250-260 23-9 22-7 19-6 
260-270 26-6 20-9 
270-280 28-3 22-4 
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It will be observed that the smoking tendencies of the untreated 
pressure distillate are less than those of the treated product up to 
about 230°C. There are many factors which may account for the 
values of the untreated distillate being higher than the treated 
above this point. For example, diolefinic naphthalene derivative 
in the untreated distillate, or paraffinic polymerisation products in 
the treated, due to the action of the sulphuric acid ; but whatever 
the explanation of the differences above 230°C. may be, it is 
difficult to find a more reasonable explanation than the one already 
advanced for the differences in the lower ranges. 

Moreover, experiment shows that only a very small amount of 
incrustation of the wick occurs when an acid treated cracked 
kerosine containing olefines, as for example the one described in 
the table, is burnt in a lamp, so that it is probable that char 
production from unsaturateds is confined to members of the 
unsaturateds having more than one double bond. 


Tendency to smoke has thus been shown to be :— 
(1) A valuable and informative test. 


(2) Directly proportional to the complexity and composition of 
petroleum mixtures. 


(3) A fundamental property dependent on molecular structure. 


It has been found also that “tendency to smoke” is capable 
of application in the solution of practical refinery and disposal 
blems 


The work also shows that it has a considerable advantage over 
aniline point measurements in that we have a more fundamental 
knowledge of its practical and theoretical significance. 

Finally, there is really no need to conduct such measurements in 
a Weber Photometer. Any lamp giving a small, conically shaped 
flame, the height of which can be accurately measured, is suitable ; 
although, quite clearly, an arrangement such as the Weber Photo- 
meter is an advantage for routine testing. 

The author desires to acknowledge, with thanks, the collaboration 
of Mr. G. R. Nixon in the preparation of the paraffin and aromatic 
standards employed; the many useful suggestions, and much 
helpful criticism from Mr. W. J. Wilson; and the permission of 
the Directors of the Burmah Oil Co.. Ltd.. to publish this work. 
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Hydrogenation of Petroleum Oils.* 
By Raurs H. McKee anp Antoni Szayna. 


HypRoGENATION of oils, as an additional method of making © 
motor fuel is attracting much attention at this time. The process 
is due to Dr. F. Bergius, who, shortly before the Great War, applied 
the process of hydrogenation to the making of oil products from 
coal, and it should be remembered not only that Bergius was the 

jor of the process which goes by the name of “ Bergini- 
zation,” but also that the developments until lately have been 
largely under his capable scientific and technical direction. 

During the war, the need of motor fuel in Germany, and after- 
ward the desire of that country to be as independent as possible of 
the necessity of importing gasoline and other petroleum products, 
greatly stimulated the "bs Ctoplaes of this process. At present 
one plant in Germany is producing a considerable amount of motor 
fuel from brown coal tar, a material available there in large quantity. 
In the United States one small commercial plant is beginning 
operation on petroleum oils at |Bayway, New Jersey, and two 
others are under construction at Baton Rouge, Louisiana and 
Baytown, Texas. 

THEORY OF THE PROCESS. 

The process of Berginization of oils is carried out at a high 

pay ern and pressure. In the operation two main reactions 

. They are the hydrogenation proper and the 
breaking of heavy hydrocarbon molecules into smaller molecules, 
known in the petroleum industry as “cracking.” In treating 
heavy petroleums there is apparently first a breaking of the large 
hydrocarbon molecules and simultaneous addition of hydrogen at 
the points of cleavage. This form of Berginization does not require 
catalysts. On the other hand, when using such material as coal 
tar, which is rich in phenols and condensed aromatic hydrocarbons, 
itis generally necessary to use catalysts to facilitate the action of 
the high temperature and hydrogen press 

When animal and vegetable aah ene ‘oils (or naphthalenes 
and similar compounds) are hydrogenated, the purpose is to make 
saturated oils by adding hydrogen at the double linkages present 
in the original material. The same is true when hydrogenation is 
applied for the improving of the grade of lubricating oil.. This 
process is carried out at relatively low temperatures with catalysts 
such as finely divided nickel. On the other hand, the purpose of 
true Berginization is to produce low boiling hydrocarbons which 


* Paper received August 8th, 1930. 
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will be suitable for motor fuels. This result is obtained by cracking 
the large molecules of heavy hydrocarbons to produce the light 
hydrocarbons with small molecules, suitable for motor fuel with 
simultaneous hydrogenation at the broken linkages. The factors 
- governing the reactions in Berginization are the same as in ordinary 
oil cracking, that is, time and temperature. Pressure is important 
as it influences temperature and also facilitates hydrogenation. 
In Berginization, the effective pressure is not only the total 
observed pressure in the system, but equally the partial pressure 
of the hydrogen present. High partial pressure of hydrogen, by 
increasing the rate of reaction between the nascent hydrocarbon 
radicals and the hydrogen, will prevent the occurrence of the 


_ harmful phenomenon of polymerization’,’* with its attendant 


formation of condensed compounds poor in hydrogen and with 
asphalt and coke as the end products. This hydrogenation of the 
free radicals is facilitated by (1) the high temperature which 
greatly increases the already high speed of the light hydrogen 
molecules and simultaneously loosens the bonds between the 
hydrogen atoms in a hydrogen molecule; (2) the high total 
pressure which controls the distance between the molecules, as 
thereby there is a greater number of contacts between the radicals 
and hydrogen molecules; (3) the high partial pressure of the 
hydrogen gas so that there are very many meetings of radicals with 
hydrogen molecules as compared with the few meetings of radicals 
with radicals which would lead to polymerization with formation 
of asphalt like bodies. 

On the other hand, it has been shown that unsaturated hydro- 
carbons in the initial petroleum are primarily polymerized and not 
hydrogenated except by the use of catalysts as activating factors. 
Thus the decision to use catalysts depends upon the character of 
the initial material and the purpose for which the hydrogenation is 
carried out. To get heavy lubricating or transformer oils from 
materials rich in aromatic compounds or containing unsaturated 
hydrocarbons, the original carbon chains must be preserved so far 
as possible, but the aromatics changed to naphthenes by hydro- 
genation. This requires the employment of catalysts as well as 
maintenance of proper physical conditions such as temperature, 
hydrogen operating pressure, etc. 

However, if the purpose is to produce motor fuels, high hydrogen 
pressure is used to prevent polymerization of products during the 
cracking process and thereby increase the gasoline yield. Although 
there is no interest in saturating the unsaturated compounds in the 
initial material nor in hydrogenating the aromatic compounds, yet 
by such hydrogenation the gasoline consists largely of saturated 
hydrocarbons and will knock badly in the motor. 
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Aluminum chloride, ferric chloride, and zinc chloride have been 
used as catalysts in cracking to bring about an attack on particular 
linkages in the molecule, that is, to cut off butane molecules from 
the long chains.*, °,". The ideal catalyst would attack a desired 
linkage, say, the middle one, of a chain. No such catalyst is 
known. 

Petroleum heavy oils consist of varying amounts of different 
types of hydrocarbons such as paraffins, naphthenes, aromatics, 
and mixed types such as cyclic hydrocarbons with paraffinic side 
chains. These paraffinic chains, whether branched or straight, may 
be either saturated or unsaturated. By simple cracking of one of 
the mixed hydrocarbons, for example, an aromatic hydrocarbon 
with long branched chain, an aromatic hydrocarbon and an 
aliphatic unsaturated product may be obtained, which may 
polymerize. Using hydrogen under high pressure the polymeriza- 
tion or ring formation from the aliphatic unsaturated residue is 
prevented and a mixture of an aromatic and a saturated 
hydrocarbon produced. It would, of course, be possible to use 
hydrogenation catalysts to produce from such a mixed aromatic 
hydrocarbon having a long branched chain, a naphthenic hydro- 
carbon and a paraffin hydrocarbon or even two paraffin hydro- 
carbon molecules. Industrially, however, catalysts are not used 
as it is desirable to avoid this excessive saturation resulting in a 
knocking motor fuel. 

A further reason why hydrogenation catalysts are avoided in 
Berginization of petroleum is the difficulty of recovering them for 
reuse. Catalysts are expensive, must be used in considerable 
quantities, and moreover, as yet, the kiicwn catalysts are readily 
poisoned by sulphur, carbon, and other materials present or 
produced in the cracking mixture. 

The conditions mentioned above apply particularly to petroleum 
oils. In the case of coal or coal tar the initial material contains 
oxygen compounds, such as phenols, and these need hydrogenation 
catalysts for the purpose of eliminating the hydroxyl group. Other 
catalysts can be used to remove sulphur and still others to hydro- 
genate aromatic hydrocarbons. These many possibilities require 
different catalysts and sometimes different conditions. Many 
patents have been taken out for elements, compounds and mixtures 
said to be suitable for these different purposes. 

The I.G. Farbenindustrie has been particularly active in 
patenting catalysts of these types. However, the fact is emphasized 
that for Berginization of petroleum no catalysts have to be used 
and, in general, catalysts are not desirable. 

In the present paper reference is made to some of the fundamental 
work on the Berginization of petroleum oils. The references are 
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only to publications in scientific periodicals. The patent literature 
has not been used on account of the difficulty of understanding 
the particularly complex publications in this field. 

BERGINIZATION WITHOUT CATALYSTS. 

The following petroleum products have been subjected to 
Berginization without catalysts: paraffin wax, gas oil, topped 
crude, and asphalt. The yield decreases from paraffin wax, which 
gives about 58 per cont. of gasoline to asphalt, which gives 20 per 
cent. of 

Waterman and Perquin‘ have Berginized Rangoon paraffin wax, 
studying chiefly the time factor. Their results indicate that with 
increase of time of reaction, the average molecular weight decreases, 
the tendency being to crack with gas as the ultimate product without 
the formation of polymerized products such as coke. The gasoline 
yield passed through a maximum of 52-8 per cent. by weight and 
then decreased. The optimum conditions were: Temperature, 
450° C. ; Time, 4 hours ; Initial hydrogen pressure, 110 atmospheres. 
Two hours treatment was nearly as effective as four hours. Along 
with the gasoline there was formed 12-9 per cent. of oil heavier 
than gasoline and 34-3 per cent. by weight of non-condensible gas. 
No coke formation was observed. These authorities note that 
hydrogen saturates only the linkages broken during the Bergini- 
zation without acting on double bonds if they are present in the 
initial material. 

A. Szayna® gives a comparative study of cracking gas oil with 
and without hydrogen. Initial material: gas oil from Boryslaw 
paraffin-asphalt-base crude; Specific gravity at 15°C., 0-861; 
Bromine value, 27; Sulphur, 0-57 per cent. ; Formolite value, 
8-5; Distillation begins at 225°C., endpoint at 403° C. ;- Colour, 
dark brown ; sulphuric acid (84-5 per cent.), absorbs 4 per cent. ; 
(98-3 per eent. absorbs 18 per cent. 

As expected the gas obtained by cracking under high pressure 
and released after cooling contained no gasoline. On the contrary, 
much wild gas was in solution in the liquid (8-5 per cent. loss by 
distillation). After distillation the gasolines were colourless, but 
after several months exposure to light in glass vessels, that from 
cracking without hydrogen became brown and gave a gum 
deposit ; the gasoline from cracking in the presence of hydrogen 
became slightly yellow, but gave no gum deposit. The unfrac- 
tionated product obtained from cracking without hydrogen, for 
which data are given in the first column of the table, is a black 
liquid with carbon suspended in it. The similar products obtained 
from cracking with hydrogen, for which data are given in the last 
two columns of the table, are a deep yellow with a few grains of 
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“ eoke ” insoluble in gasoline, benzene, chloroform and pyridine, at 
the bottom. It may be that hydrogen in this condition acts as a 
coagulation agent on coloured asphaltic bodies, which are precipi- — 
tated in the insoluble form of “coke.” On distillation of the 
liquid obtained from high temperature cracking with aE, 
pressure after the experiment indicated the absorption of tae gt 
Hydrogenation brought about an improvement in colour of all 
the products. 


Total liquid obtained in per cent. 
by weight oe ee oe 
Gasoline to 225°— 


Per cent. by weight .. 
Specific gravity 15° C. 
Kerosine fraction 225° 


Gag and er by weight— 
By cracking .. ee 17 
By distillation | ee ee 16 


Temperature has a great influence on the speed of cracking. In 
the second experiment it was not high enough as shown by the 
small amount of gasoline formed. By the higher temperature used 
in the third experiment, the yield of gasoline without recycling 
was 46 per cent. by weight or 53-6 per cent. by volume. In 
addition there was 8-5 per cent. by weight of wild gases dissolved 
in the liquid before distillation, probably composed of propane, 
butanes, and some pentanes. 

L2 
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we Temperature of reaction— 
ine Average 460°C, 440° C. 480° C. 
nd Maximum 480°C. 440° C. 500° C. 
re Time of reaction in minutes .. 160 180 180 
es, Hydrogen used .. 242- 
ng Pressure in atm.— 
ier Initial .. et eh ae — 100 90 
Maximum 70 220 245 
AS. After cooling .. ry oh 96 60 
at 
ni 98-3 97-8 89-0 
he Black Green-brown Yellow 
27-3 3-4 46-0 
th 0-7535 0-7915 0-7466 
Ww Per cent. by = ee es 32-5 43-2 20-5 
ls Specific 5° C. on 0-857 0-844 0-898 
Residue over 
e, Per cent. by weight 51-7 14-0 
Re:-40 Specific gravity 15° C. on 0-941 0-880 1-012 
In per cent.— 
nsaturates .. 45 40 40 
Aromatics oe 16-5 16-0 145 
Paraffins and naphthenes’... 79-0 80-0 81-5 
Aniline int after removal of 
67-2° 61-0° 
2-2 11-0 
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A. W. Nash’ reports that, according to Bergius, Mexican crude 
gives 45 per cent. gasoline boiling below 210° C. 

Ipatiew, Orlow and Bielopolsky'* have hydrogenated mazout 
from paraffin base Grosny crude. The initial material had a specific 
gravity of 0-875 at 15°C., flash point of 126°C.; pour point at 
35°C. Only 2} per cent. distilled below 300°. These properties 
indicate an oil composed chiefly of paraffinic hydrocarbons. The 
authors have worked with catalysts such as Al,O,, Fe,O,, CuO 
and without catalysts. They stated that “ these additions did not 
affect the yield at all.” Under their best conditions, i.e., temper- 
ature 455°-460° C. and time 1-1 hour, the yield of gasoline boiling 
to 150° C. was 34 per cent. and the losses and permanent gas were 
18 per cent. In one of their tests coke formation was noticed. 

Ehrlich and Szayna!® give a study of repeated hydrogenation of 
a crude topped to 220° C., Boryslaw crude, which has the following 
properties: Specific gravity, 0-901 at 15°C.; viscosity, 2-59° 
Engler at 50°C. ; inflammable at 121°C. (open cup) ; pour point, 
—26° C. ; paraffin wax, 11-5 per cent.; this crude is of mixed 
paraffin-asphalt base and contains, in addition to igdbecaiians of 
paraffin series, a large amount of aromatics. 


Taste II. 


Liquid obtained it per ent. iy 


weight 90-3 90-4 85-5 
Gas, coke and losses in per cent. 
weight 9-7 14-5 


was subjected to distillation a Glinski column. 
Per ‘cent. gasoline cut to 180°C. Endpoint 2 
cent. weight — to 
23-0 27-3 32-0 


Specie. this. “gasoline 

ic gravi 

0-716 0-714 0-713 
58-4 48-3 


at 15°C. 


oe oe ee ee 43 48 5-1 

It will be noted that small changes in time or temperature have 
great influence on the rate of cracking, i.e., on the yield of gasoline, 
residue and gas. The gasoline obtained was colourless and of 
good odour. The average yield of gasoline from these experiments 
detailed in Table II. was 26-6 per cent. by weight or 33-5 per cent. 
by volume. The average yield of fuel oil was 57-5 per cent. by 
weight. 
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This fuel oil was again subjected to cracking with hydrogen 
under approximately the same conditions (the temperature was a 
little lower, #.e., 430-445°). The yield of gasoline was only 16-4 per 
cent. calculated on the fuel oil used, and 9-4 per cent. by weight of 
initial material. In industrial cracking processes, the material is 
recycled about three times. To give an idea of the final yield of 
gasoline under these conditions, the fuel oil from the second cracking 
was again subjected to cracking under ‘the original conditions. 
This time the yield of gasoline was 16-1 per cent. by weight calcu- 
lated on the fuel oil used and 7-3 per cent. by weight calculated on 
the initial material. 

Contrary to the experience in ordinary cracking, where coke 
formation in the rerun through the cracking process is greater 
than in the original run, the second and third crackings in the 
presence of hydrogen showed the formation of only small amounts 
of coke. Perhaps this can be attributed to the fact that asphaltic 
substances, when cracked under high hydrogen pressure, undergo 
other changes than do the hydrocarbons and are precipitated 
(eliminated) in the first stage so that in the following treatments 
there are no coke forming bodies present. 

The total gasoline yield from the three successive Berginizations 
was 43-3 per cent. by weight and 540 per cent. by volume ; the 
total fuel oil yield was 34-5 per cent. by weight ; the total gas and 
coke losses were 22-2 per cent. by weight; the gasoline had a 
specific gravity of 0-723 at 15°C. This gasoline had a good colour 
and a good odour. Its approximate chemical composition was : 
unsaturates 3 per cent., aromatics 5 per cent., naphthenes and 
paraffins 92 per cent. After the absorption of unsaturates and 
aromatics the aniline point was 618°C. Calculated from the 
aniline point, the percentage of naphthenes was 25 per cent. and 
the percentage of paraffins about 67 per cent. 

The fuel oil had a specific gravity of 0-929 at 15° C., a flash point 
of 73° C., and a pour point below -18°C. It was composed chiefly 
of hydrocarbons of low boiling point (over 40 per cent. of this oil 
boiled below 300°C.). The higher boiling fractions had low 
viscosity and high specific gravity. This fuel oil gave 10 per cent. 
of an asphalt of high softening point (about 55° C. Kramer-Sarnow) 
and good ductility. 

This fuel oil, after distillation to remove the asphalt, was again 
Berginized and gave on this fourth cycle an additional amount of 
gasoline corresponding to 4-1 per cent. by weight and 4-7 per cent. 
by volume calculated on the initial material taken. If this fourth 
cycle is included, the total amount of gasoline is increased to 
47-4 per cent. by weight or 58-7 per cent. by volume, 
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The high yield of gasoline and small amount of coke obtained by 
cracking under high hydrogen pressure is due to the high hydrogen 
absorption which permits this favourable result from a heavy 
initial material. 

Under the conditions described, the action of hydrogen is largely 
limited to the saturation of bonds freed in the moment of breaking 
of the molecule, and thereby avoiding the formation of unsaturated 
compounds and in consequence preventing the me 
leading to coke. Theoretically, by repeated cracking, 
gasoline and gases were obtained without any heavy Me, 
Practically, in the initial material, which is a natural oil-mixture, 
there are always (especially in the case of heavy oils) condensed 
aromatic hydrocarbons, aromatics with branched chains and 
asphaltic bodies. Hence the two products, gasoline and gases are 
not obtained exclusively, but also certain amounts of coke and 
residues of high specific gravity, i.e., exceeding 1, must be expected. 
Probably even under the condition ‘of cracking with high hydrogen 
pressure some coke is formed from asphaltic bodies. Also oils of 
high specific gravity and low viscosity are formed from condensed 
aromatic-paraffin molecules by breaking them into paraffin hydro. 
carbons and the condensed aromatic ring compounds, which latter 
do not undergo cracking and hydrogenation within this range of 
temperature without catalysts and thus preserve their large 
molecules. This fact of the greater thermal resistance of aromatic 
compounds is well known in the cracking art. 

Avoiding polymerization increases the yield of gasoline over the 
yield from ordinary cracking. Gasolines formed in an atmosphere 
treatment. 

As shown in Sundgren’s experiments,}* the cndinary cracking of 
decaline (decahydronaphthaline, C,,H,,) under pressures of about 
10 atmospheres gave a large deposit of carbon. When as low a 
pressure of hydrogen as 30 atmospheres was used, no carbon 
formation was observed. These experiments are a striking example 
of hydrogenation and simultaneous protective action of hydrogen 
gas at relatively low pressures, when, instead of the production of 
a large amount of carbon and methane, almost exclusively liquid 
products were obtained by cracking. 


HYDROGENATION WITH CATALYSTS. 


In the published literature there is little relative to the hydro- 
genation of petroleym oils in the presence of catalysts. E. Ferber" 
hydrogenated a transformer oil in the presence of a nickel catalyst 


_under conditions analogous to the hydrogenation of vegetable and 
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animal oils. The physical properties of the product were scarcely 
changed, but the iodine number decreased from 16 to 7. The 
sludge test was also improved. 

Ipatiew and his co-workers’,*,!7 hydrogenated pure hydro- 
carbons of the naphthenic and aromatic series using alumina with 
oxides of nickel, iron or copper. Aromatics were hydrogenated to 
naphthenes. Naphthenes opened the ring to give further addition 
of hydrogen. 

Coal tar asphalt is difficult to crack under high hydrogen pressure. 
Hugel"® used a temperature of 460°C. and 100 atmospheres initia! 
pressure of hydrogen for ten hours without catalysts. Distillation 
gave 57-5 per cent. oil (distilled 50° to 400° C.), 15 per cent. 
asphalt, 27 per cent. coke and the losses were 0-5 per cent. 

Hugel® also used metallic hydrides (NaH, KH and CaH,) as 
catalysts at a temperature of 300° C., which is too low for cracking, 
but sufficient to hydrogenate unsaturated material in the presence 
of catalysts. Using 100 atmospheres initial pressure of hydrogen, 
asphalt from coal tar with 7-10 per cent. of sodium hydride gave 
about 30 per cent. of a viscous liquid of strong green fluorescence, 
the rest being a solid. On distillation, this oil gave an excellent 
lubricating oil consisting chiefly of hydro-aromatic (naphthenic) 
constituents. 

For the study of the influence of catalysts on cracking with 
hydrogen at high pressure, one of us** used wood tar as a material 
free from sulphur. Activated charcoal, alumina of special pre- 
paration, finely divided nickel (reduced from NiO), and zinc 
containing cadmium, alone and in mixtures, were used as catalysts. 
The amount of catalyst used was 5 per cent. of the oil taken. With 
or without catalysts the results were practically the same, both 
qualitatively and quantitatively. Nickel gave slightly more gas 
and coke. Alumina gave less phenols, which indicates its 
dehydrating action. 

In the study of influence of catalysts on pure cracking the 
decrease of the cracking temperature and the yield of gasoline is 
the chief consideration. By definition, a catalyst does not react 
with the materials, but only aids the system to reach the true 
equilibrium by diminishing the chemical resistances. But in the 
case of hydrocarbons above 300° C. the real equilibrium is carbon 
and hydrogen and not gasoline hydrocarbons. In consequence, in 
spite of much research, no satisfactory cracking catalyst has been 
discovered which has a selective action, e.g., breaks the molecule in 
the middle giving less gases and more gasoline. It is emphasized 
here that aluminum chloride and other anhydrous chlorides are not 
strictly catalysts for cracking systems, but give definite compounds, 


ned by | 
drogen 
heavy 
largely 
paking 
urated 
zation 
only 
rmers. 
xture, 
ensed 
and 
are 
and 
cted. 
rogen 
ils of 
ydro- 
atter 
re of 
arge 
the 
here 
ring 
of 
out 
va 
on 
ple 
zen 
of 
nid 


130 MCKEE AND SZAYNA.—HYDROGENATION. 


Another difficulty in connection with using catalysts for cracking 
purposes is that the catalyst quickly becomes poisoned by carbon 
deposit and by sulphur. Finely divided metals are particularly 
sensitive toward poisoning. 

Discussion. 

Attention is called to the following items of interest, though 
they are not discussed in detail. 

1. When cracking under high hydrogen pressure, two chief 
reactions are distinguished : cracking and hydrogenation. Starting 
with a saturated material, cracking must occur first to produce 
unsaturated bodies. 

In the case of materials susceptible to hydrogenation, polymeri- 
zation and hydrogenation is observed first and then, later, cracking. 
For example, in the case of zinc-cadmium catalyst and wood tar, at 
about 300°C., a decrease of pressure is noted which is due to 
absorption of hydrogen. This is followed by a higher rise in 
pressure than would correspond to the expansion of the hydrogen, 
and in this period cracking occurs. 

Under similar conditions it is found that, without catalysts and 
at higher temperatures, hydrogenation and cracking occur almost 
simultaneously. 

2. Catalysts useful in this work may be of several types ; ferric 
oxide for removal of sulphur ; finely divided metallic nickel and 

cobalt for hydrogenation at low temperatures, but cerium or zinc 

or a labil hydrogen compound such as sodium hydride is better 
because it is less sensitive to poisoning by sulphur; alumina for 
removal of hydroxyl groups; oxides of chromium, tungsten, 
molybdenum, cerium or zinc for increase of viscosity of certain 
kinds of lubricating oil, coagulation of asphaltic and colouring 
constituents and removal of hydroxyl group from phenols ; for the 
removal of hydrogen, i.e., dehydrogenation of a badly knocking 
gasoline, the same catalysts may be used as in hydrogenation, but 
in the absence of a heavy pressure of hydrogen. 

3. The authors know of no catalysts which increase the yield 
of gasoline even slightly. 

4. Gasolines made by cracking heavy petroleum oils with 
simultaneous high hydrogen pressure, with or without catalysts, 
are inferior motor fuels in that they knock badly in the motor 
unless suitable initial material and physical conditions are used. 

5. For good yields of gasoline by cracking in the presence of high 
hydrogen pressure, the favourable starting material is an oil of 
narrow boiling range and low in cyclic hydrocarbons and high in 
aliphatic hydrocarbons. Unfortunately not many such oils exist. 
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king 6. Favourable physical conditions are high temperature, high 

arbon i hydrogen partial pressure, reasonable time and not too low velocity 
ularly HM of the oil over the heating surface. 

7. The increased yield of gasoline by simultaneous cracking and 

hydrogenation under high hydrogen pressure is not nearly as large 

ough as popularly supposed and is primarily due to the prevention of 

the formation of unsaturated bodies which, through polymerization, 

: are the sources of heavy residues and of coke formation. Ordinary 
chief HJ cracking processes average about 35 per cent. gasoline yield by 
rting volume. By three successive treatments Berginization of most 
duce I oils will give yield of between 60 and 75 per cent. by volume, by a 

. single treatment about 50 per cent. by volume. 
neri- 8. In 1928 estimates made in England” showed that the amount 
“ung. of hydrogen needed to hydrogenate a long ton of coal was 135 pounds, 

, 8t BH and that the cost of this hydrogen was 30 shillings ($7.50). 
> to & Petroleum oils take less hydrogen, say, a fourth to a sixth as much, 
) a but there is relatively more hydrogen passing out with the hydro- 
gen, carbon gases from cracking which probably cannot be recovered, 
except at considerable expense. 
and 9. The cost of gasoline by Berginization of petroleum oils will 
ost depend largely on the cost of hydrogen. Hydrogen for use in | 
synthetic ammonia plants costs around twelve cents per thousand ~ 
Tic cubic feet. The lower permissible purity of hydrogen for 
ind Berginization of petroleum oils will reduce the cost of hydrogen 
inc from the same sources to probably eight to ten cents per thousand | 
ter cubic feet. 
If hydrogen is to be made, by the removal by liquefaction of 
n, methane and other constituents, from coal gas or a gas from vapour 
sin phase oil cracking, or by action of steam at high temperature on 
ng light hydrocarbons, it is suggested that the cost of the hydrogen 
he may be expected to be around fifteen cents a thousand cubic feet. 
ng If hydrogen is obtained by electrolysis of water solutions, then a 
ut cost of twenty cents a thousand cubic feet is about right. 
From the data available the cost of the manufacture of gasoline | 
id by Berginization of petroleum oils may be estimated to be from — 
eight to fifteen cents a gallon, depending on the kind of petroleum 
h oil used and the cost of hydrogen. This figure is based on the use / 
of gas oil. If a crude oil or a fuel oil is used the cost will be | 
‘ materially increased, due to the larger amount of hydrogen used , 
, and smaller gasoline yield. 
10. The problem of working in industrial size apparatus under 
1 high pressure and temperature was solved and satisfactory plants 
f built for cracking oils, for ammonia synthesis and for methanol 
synthesis. The experience gained in these industries has been and 
will be of great aid in the even more difficult construction and 
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operation problems entailed in the new industry under discussion, 

It is difficult and expensive, though not impracticable, to build 
pumps, valves and other apparatus to handle hydrogen at above 
3500 pounds pressure with parts of the apparatus at temperatures 
above 500° C. 

11. The factor of concentration (partial pressure) has a great 
influence upon the rate of thermal decomposition of hydrocarbons, 
The gasoline formed is removed from the system before it reaches 
a high concentration and before it itself decomposes into gases. 
During the reaction hydrogen is used up and may decrease in 
partial pressure to such an extent that it will not exercise appreci- 
able action in saturating the hydrocarbon radicals formed. This 
slowing down of the hydrogenation does not, however, simul- 
taneously slow down the cracking. Theoretically the maximum 
yield of gasoline will be obtained by separation of the gasoline 
formed and recycling of the residual oil with the hydrogen which 
had been separated from the hydrocarbon gases with which it had 
become contaminated—an expensive process. 

12. Hydrogen and oil under the high pressure and temperature 
of the system will ordinarily form a uniform phase which is neither 
strictly a vapour nor a liquid phase, because the conditions are 
those above critical temperature of mixtures of almost all oils and 
high pressure hydrogen. McKee and Parker® have established the 
fact that the critical temperature of petroleum oils is a function of 
their average boiling point :— 

T, = 105t, — 160° C. 
where T, means critical temperature and t, the average boiling 
point expressed in degrees Centigrade. In the process under 
discussion the hydrogen will materially lower the critical temperature 
of the mixture. 

13. The process of simultaneous hydrogenation and cracking is 
adapted to the production of high grade burning oils (kerosine). If 
relatively low temperature hydrogenation with a minimum of 
cracking is used on a low quality lubricating distillate, a higher 
grade lubricating oil stock will result. The process under discus- 
sion seems to be better adapted for the production of these products 
than for the commercial production of desirable gasolines. 

14. Sulphur in oil treated is generally largely removed. That 
remaining in the gasoline produced is ordinarily so low as to permit 
the gasoline to be at once merchantable, even if the charging stock 
was high in sulphur. With removal of sulphur there also is 4 
decrease in gumming tendency and improvement in colour. 


Department of Chemical Engineering, 
Columbia a New York. 
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A Modified Absorption-Distillation Method for the Analysis 
of Cracked Gasolines.* 


By Cuarues C. Towne. 


Sryce the appearance on the market of large quantities of cracked 
gasoline to augment the supply of straight-run product, the trouble. 
some problem of the estimation of the various hydrocarbon groups 
has received considerable attention. It is known that in general 
cracked spirit possesses a higher anti-knock value, and the desire 
to relate this property with hydrocarbon composition has been 
the incentive for many investigations. 

It is unnecessary at this time to present a review of the subject 
as a very excellent one has recently appeared'; this review dis. 
cusses the many existing methods which have been proposed and, 
while progress has been made, it is concluded that as yet there is 
no procedure which is universally applicable. However, this is 
not surprising in view of the extremely complicated nature of 
cracked spirit. 

Despite the fact that the employment of sulphuric acid as a 
reagent in hydrocarbon analysis has been severely criticised, it 
is believed such procedure is still the most practical. The present 
work was undertaken in the belief that the possibilities of sulphuric 
acid were not exhausted, and that additional information could 
be obtained to advance the knowledge of the subject. 


A short discussion of the reactions which may occur when sulphuric 
acid is added to a mixture of olefine and aromatics is presented. 
This is followed by a description of the development of three 
methods: A gravimetric (barium salt) method, which served 
as an exact basis from which to evolve a rapid approximate (absorp- 
tion) method, this latter being ultimately developed into a some- 
what improved (absorption-distillation) procedure. Since it has 
been emphasised many times that investigation of synthetic 
mixtures is desirable, the three procedures have been evaluated 
accordingly. 


* Paper received August 14th, 1930. 
1 Howes, J. Inst. Petr. Techn., 1930, 16, 54. 
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Action oF Actp oF 98 Per Cent. or Less 
oN AROMATICS AND OLEFINES. 

The action of sulphuric acid on a mixture of the above hydro- 
carbon groups is complicated, and we may expect any or all of 
the following :— 

(a) Formation of alkyl sulphuric acid esters. 

(b) Polymerisation of olefins. 

(c) Formation of aromatic mono-sulphonic acids. 

(d) Formation of alkyl aromatics by condensation or aromatics 

and olefins. 

The first three are recognised generally, but the last has not 
received the attention it merits. Kraemer and Spilker* and 
Brochet* have noted it, and Brame‘ has also referred to the possi- 
bility of (d) in connection with gasoline analysis. 


Metuop A—Barium Saur. 


alysis 


bject Ormandy and Craven® have described a procedure based on the 
dis. hydrolysis of the sulphuric acid esters of the unsaturates and 
and, § formation of the barium salts of the aromatics with barium carbonate. 
re is & They report the method as unsatisfactory in the presence of un- 
8 saturates. 

> of After consideration of their work barium hydroxide* was sub- 


stituted for the carbonate and a suitable method developed. The 
directions for carrying this out are as follows: To three volumes 
of cold (35° F.) 98 per cent. sulphuric acid, contained in a separatory 
funnel, one volume of hydrocarbon mixture is added and shaken 
for 30 minutes. After standing one hour, the layers are separated, 
the acid volume measured and exactly 2c.c. of it dropped into 
200 c.c. of water and boiled. Saturated barium hydroxide solution 
is added in excess and the boiling continued for a half hour. The 
alkalinity is carefully removed with N/5 sulphuric acid until only 
the faintest trace is visible on phenol-red test paper, the barium 
sulphate is filtered and washed, the organic barium salts passing 
into the filtrate. Dilute sodium sulphate solution is added to 
precipitate the barium as sulphate from which the aromatic hydro- 
carbon equivalent may be calculated. Results are obtained by 
weight and must be converted to volume via the specific gravity. 
The content of unsaturates is determined by subtracting the 
aromatic figure from the total absorption in the 98 per cent. acid. 


? Kraemer and Spilker, Ber., 1890, 3069. 

* Brochet, Bull. . Chim., 1893, 9, 867. 

‘Brame, J. Inst. Petr. Techn., 1926, 12, 221. 

’ Ormandy and Craven, J. Inst. Petr. Techn., 1927, 18, 311. 
*L. Rosenthaler, Der Nachweis organischen Verbindungen, pp. 
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DETERMINATION OF THE MOLECULAR WEIGHT OF THE AROMATIC 
CONSTITUENTS OF A GASOLINE. 


A gravimetric scheme of analysis for aromatics is suitable only 
when the average molecular weight of the aromatics in the hydro. 
carbon mixture is available. In order that this information may 
be obtained for a gasoline containing unknown aromatics the follow. 
ing procedure is suggested: Treat 50 c.c. of gasoline as under 
Method A above, but carry the entire volume of acid through 
the same operations as the 2 c.c. portion. Evaporate the solution 
of pure barium sulphonates to dryness, and transfer to an oven 
at 105°C. to insure thorough removal of moisture. It is only 
necessary to ascertain the barium content of this powder in order 
to compute its average molecular weight, and therefrom the aro. 
matic hydrocarbon equivalent since the structure of barium 
sulphonates is known to be 

RSO.\ 
R.S0,’ 

The presence of water of crystallisation in the dried salt is an 

unknown factor which could introduce a small error. 


Metruop B—AssorptTion rn Acrp. 


In Method A the unsaturated content is determined by difference 
between the absorption in 98 per cent. acid and the aromatic 
content, obtained gravimetrically. Method B was evolved from. 
A by showing that cold 93 per cent. acid in a one minute application 
absorbed an amount corresponding to the unsaturates as found 
by A. On the basis of this observation, it was concluded that 
cold 93 per cent. sulphuric acid will remove substantially as great 
a quantity of unsaturated hydrocarbons in one minute as is remov- 
able by this acid. Now if the time of application is extended 
more absorption occurs, but it is due to solution of aromatics only. 
The one minute treatment does not appear to affect the aromatics 
materially and longer treatment does not appear to affect the 
unsaturates to any great extent. 


It is possible to conduct a simple quick absorption process now 
by treating one volume of hydrocarbon with three volumes of ice- 
cold 93 per cent. acid, shaking one minute and measuring the 
absorption after standing over-night to determine the unsaturated 
content. The aromatics may be estimated by the absorption of 
the residual hydrocarbon in 98 per cent. acid in 30 minutes, using 
also three volumes of acid to one of hydrocarbon. 
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Riesenfeld and Bandte’ have suggested the use of two acid 
treatments, removing the unsaturates with 94 per cent. and the 
aromatics with 100 per cent. acid, but they state that the method 
is suitable only when the unsaturation does not exceed five per 
cent. No mention is made of the importance of a time factor. 


Comparison oF Meruops A anp B. 
Taste I. 


Cc 

30 
20 
25 
25 
25 
25 


Comparison of the results from the two methods indicates that 
the quicker absorption scheme is suitable for practical work. 

A more accurate determination of unsaturates is outlined in the 
final method to be described. 


” Riesenfeld and Bandte, Erdél und Teer, 1926, 2, 587. 
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Metruop C—ABsoRPTION—DISTILLATION. 


Egloff and Morrell* and also Riesenfeld and Bandte® haye 
advanced the idea of determining that portion of the unsaturates 
converted to polymers by distillation to the original end point 
after acid treatment. They suggest that a treatment with acid 
too weak to attack aromatics should be followed by distillation, 
This has been found to be unsuitable in the present work since a 
condensation of aromatics and olefins to high-boiling alkyl aromatics 
was effected. Consequently part of the aromatics were measured 
as polymers of unsaturates. This was proven by using mixture 6, 
Table III., containing 15 per cent. of olefins and 10 per cent. 
aromatics, shaking one volume with three volumes of cold 93 per 
cent. acid for two minutes, distilling residual material to original 
end point, and measuring the residue. The absorption plus the 
residue was considered as unsaturates and the aromatics were 
determined by ascertaining the solubility of the final distillate 
in 98 per cent. acid. Results were as follows :— 


Present 
Found .. 


More than half of the aromatic content has apparently been 
condensed to substances boiling over the original end point. 

The reaction was verified qualitatively also by nitrating, reducing, 
and diazotizing a portion of the above hydrocarbon after the first 
acid treat. The colour produced by coupling with b-naphthol 
3-6 disulphonic acid was a red of bluer shade than that obtained 
from the aromatics in the original mixture under the same conditions, 
indicating that aromatics of higher molecular weight were present. 

Because of this condensation effect it appears that if a distillation 
after acid treatment were to be used to determine the polymerized 
unsaturates it would be more desirable to apply it after the 98 per 
sent. acid in such a procedure as Method B. 

The final procedure suggested for quick practical work is as 
follows :— 

(1) Cool 150 c.c. of 93 per cent. sulphuric acid to 35° F. and 
add 50 c.c. of gasoline. Shake one minute by hand, let stand 
overnight, draw off the acid layer, and measure the residual gasoline. 
Call the percentage absorption (U,). 

(2) Distill 100 c.c. of the original gasoline from a standard 
100 c.c. Engler distilling flask in an A.S.T.M. gasoline distillation 


* Egloff and Morrell, J. Ind. Eng. Chem., 1926, 18, 354. 
* Riesenfeld and Bandte, Erddl und Teer, 1927, 3, 139. 
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tus until 95 c.c. have come over. Stop at this point, record 
the highest temperature reached and measure the residue left in 
the flask. Denote this residue as (a). 

(3) Cool 300 ¢.c. of 98 per cent. sulphuric acid to 35° F. and add 
100 c.c. of the original gasoline. Shake 30 minutes by hand, let 
stand overnight, measure the absorption and call it (A + U,). 

(4) Distill the gasoline residue from the 98 per cent. acid to the 
same temperature and under’ the same conditions as under (2) 
above, and measure the residue. Call this (6). 

Now b-a=U, 
(A + U,) —U, = Total Aromatics (%) 
(A + U, + U, = Total of both groups (%). 


TestInc or ABORPTION—DisTILLaTION METHOD. 
Taste III. 
Synthetic Mixtures Used. 
2 
c.c. 


| 


° 
a= 
° 


_ 25 
20 50 
50 30 
30 50 
40 15 
35 40 
250 86250 
275 240 
700 700 


o 


Aromatics, 
Gasoline. Present. Found. Present. Found. 

10 10-1... 15 13-7 
15 ... 15 15-5 
20 178... 15 16-9 
15 160 .. 15 14-2 
21 196 .. 9 11-0 
15 141 .. 10 10-3 
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Discussion. 


Inspection of Table IV. indicates that in nearly all cases results [ms 
less than 2 per cent. higher or lower than the theoretical wer Usit 
obtained. It would seem, therefore, that the procedure is suitable cedure 
for practical work on commercial cracked gasolines. The barium J jpsult: 
salt method is suitable for work of a more exact nature, particu. The 
larly with regard to the aromatics. is the 

Additional evidence in support of the methods advocated in J time « 
this article, in the form of a study of the solvent action of sulphuric & ;jon t 
acid of different strengths on pure aromatics, is included here. ment. 

The one-minute experiments with 93 per cent. acid were made Wit 
by diluting one volume of hydrocarbon with four of inert gasoline, the a 
and subjecting the mixture to the conditions obtaining in the based 
analysis. The ten-minute treatments with both acids were con. Marst 
ducted at room temperature with undiluted aromatics in the ratio J the p 
of one volume of hydrocarbon to five of acid :— It. 

Taare V. and 
Solubility of Aromatics in Sulphuric Acid. 
% % soluble. 


Benzene 


Xylene (mixture) 98-0 100-0 
Ethylbenzene. . 780 «.. 100-0 
Diethylbenzene oe 40... 100-0 
Isopropyl benzene .. 30... 370 100-0 
Sec.-Butylbenzene .. st 190 100-0 


Tert.—But; ee .. 23-0 100-0 
Tert.-Amylbenzene . oe es 
p-Cymene 


SE RG distillation method was developed using benzene, 
toluene and xylene for aromatics. Table V. shows ‘thet with the 
single exception of mesitylene, these are the most reactive of those 
tested. Since the method depends in part on the inertness of 
aromatics to cold 93 per cent. acid, when the time of contact is 
limited, it would appear that the presence of higher aromatics 
(which are no doubt present in gasolines) would have a favourable 
rather than a detrimental effect on the results. 


SumMMaRY. 

Working on synthetic m‘xtures of hydrocarbons, a method of 
analysis for the aromatics in cracked spirits has been developed, 
making use of the principles of sulphuric acid absorption, decomposi- 
tion of the unsaturated derivatives with barium hydroxide, and 


in 1] min. in 10 min. in 10 min. 
wi ot 6-0 27-0 100-0 


Qk 
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determination of the barium in solution corresponding to the 
aromatics. 

Using this as a foundation a quick absorption-distillation pro- 
cedure for practical work was devised which gives satisfactory 


results. 

The essential difference between this and similar procedures 
is the estimation of part of the unsaturated constituents by short 
time contact with 93 per cent. acid and the remainder by distilla- 
tion to a predetermined temperature after 98 per cent. acid treat- 
ment. 

With regard to the naphthene and paraffin content of gasolines, 
the aniline point method mentioned by Ormandy and Craven’ 
based on the work of Chavanne and Simon, and also Tizard and 
Marshall, may be applied to the washed and dried distillate from 
the polymers. 

It is fully recognised that the method of determining aromatics 
and unsaturates outlined in this article is not without its weak 
points, but it is felt that it is an improvement over previous pro- 
cedures and does furnish data of comparative value. 


w J. Inst. Petr. Techn., 1924, 10, 101. 


| Were 
itable 
arium 
rticu. 
ed in 
»hurie 
Te, 
made 
oline, 
the 
con- 
ratio 
30, 
in, 

j 

of 
d, 
i- 
d 


CURRENT PETROLEUM NOTES. 


Imports of Methyl Alcohol_—The Board of Trade returns show that i 
of methyl alcohol into the United Kingdom are steadily increasing. Dur 
August, September and October, 1930, the imports were 41,935, 13,770 ang 
64,013 gallons. During October the greater part came from Germany, and te 
rest from the U.S.A., India and Sweden. 


Sea Transport of Molten Bitumen.—Sea transport of molten bitumen from 
Germany to Preston Dock is now being carried out in the 8.8. “ Ebang? 
The ship's tanks, the receiving tanks in the docks, and the road or rail tanky 
used for transport are all heated and the material is ready for handling @& 
arrival. 

Use of Waste Natural Gas.—A possible use for surplus natural gas is in the 
manufacture of chemical products, either by controlled oxidation, pyrolysis 
or chlorination. 

A large number of chemical products are obtainable and the various reactions 
have been studied by the U.S. Bureau of Mines, full details of which are given 
in their Information Circular 6388, “ Possible Utilisation of Natural Gas 
for the Production of Chemical Products,” of which copies are obtainable 
from the U.S. Bureau of Mines, Department of Commerce, Washington, D.C 


Tanker Chartering.—According to a review by Messrs. John I. Jacobs & Co 
on tanker chartering during the latter half of 1930, there were over 150 tankers 
laid up at the end of 1930. At that time 135 motor tankers were on ordef, 
having deadweight tonnages as follows: 2000 to 4000 (9), 7000 to 9000 (28), 
9100 to 11,500 (68), 11,500 to 13,000 (6), 13,000 and over (24), totalling 
960,000 tons. The vessels building at the end of the year totalled 115 of 
907,298 tons, 11 of which are steam propelled. Deliveries of motor tankers 
during 1930 represented 860,000 tons deadweight. 

There is no doubt that motor tankers have a shorter life, owing to high 
sulphur content of the crude oil and the corrosive action of modern refined 
light oils. Action to counteract these ill-effects have had meagre results 
so far. 

The average tanker tonnage afloat is about 13,000,000 tons deadweight, 
compared with 7,000,000 tons in 1922. 


